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PREFACE TO PART I. 



The preparation of this report was begun in June, 1901, and 
since that time all of the localities, with perhaps two or three 
exceptions, where stone is being quarried for building purposes, 
or where it has been quarried in the past, have been visited and 
the deposits carefully studied. Samples of the various building 
and ornamental stones, represented in the various localities 
visited, were collected and a careful study made of these in the 
laboratory. 

The time and funds at the disposal of the Survey have pre* 
vented the carrying out of certain things which would have 
increased very materially the value of this report. In a new 
state like Washington no first-class maps of the different parts of 
it are available, and as the Survey did not have the funds with 
which to make them it has not been possible to indicate the 
extent of the different building stone areas throughout the state. 
This would have been a very valuable addition, especially to that 
part of the report dealing with the marbles of Stevens County. 
Then, again, had the funds been sufficient to have some of the 
ornamental stones shown by means of colored lithographs, these 
would have added very materially to the value of the report. 

There are many interesting scientific questions, also, in connec- 
tion with the marbles and serpentines of Stevens County, which 
it has not been possible with the time at my disposal to do any- 
thing with, and they are necessarily left for some future time. 

In the preparation of this report free use has been made of 
the various reports and publications on building stones, but of 
especial service have been Buckley's Report on the Building and 
Ornamental Stones of Wisconsin and Hopkins' Report on Marbles 
and Other Limestones. The chemical analyses given in this 
report (with the exception of the one of the serpentine from the 
property of the U. S. Marble Co., furnished by Mr. F. W. Clarke, 
Chief Chemist of the U. S. Geological Survey) were made by Mr. 
R. W. Thatcher. Assistant Chemist at the Washington Agricul- 
tural College and School of Science. 



xii. Preface, 

It has been thought advisable to include in this report a short 
chapter on quarrying and working stone ; not that it is claimed 
that there is anything new in it, but because it was thought that 
it might be helpful to persons opening up quarries in Washing- 
ton. I am indebted to the Sullivan Machinery Co., and The 
IngersoU-Sergeant Drill Co., for illustrations of. their stone 
quarrying machinery. 

The tests of crushing strength, the results of which are given 
in this report, with two exceptions, and the modulus of elasticity 
were made at Purdue University, I^a Fayette, Indiana, and I am 
especially indebted to Professor W. F. M. Goss, Dean of the 
Schools of Engineering, and Mr. L. V. Ludy, of the department 
of Applied Mechanics, under whose supervision the work was 
done. I am also indebted to Mr. F. W. Clarke, of the U. S. 
Geological Survey, for his description and suggestions as regards 
the serpentine from the U. S. Marble quarry. To Professor J. P. 
Iddings, of Chicago University, I am also under obligations for 
microscopical descriptions of two tufas. 

It is a pleasure to acknowledge my great indebtedness to the 

many quarry owners and superintendents, and others interested 

in the stone industry of Washington, who gave freely of their 

time and services, and without which the preparation of this 

report would have been almost impossible. To all others who 

have in any way aided in the preparation of this report I wish to 

express my hearty thanks. 

S. SHEDD. 

WASRINOTOlf AGRICULTUIIAL COLLBGK 

AND School of Science. 
Pullman, Washington, March, 1903. 



PREFACE TO PART H. 



In the report on the Coal Deposits of Washington an attempt 
is made to set forth in some detail the extent of our coal fields, 
the amount of development work which has been done within 
and upon them, and their commercial value. The small appro- 
priation available for the report has necessarily limited the scope 
of the inquiry, and many important points have been omitted. 
An absence of reliable base maps has made it impossible to show 
with accuracy and in detail the boundaries of the various coal 
fields. 

The field work upon which the report is based was done partly 
in the summer of 1901, but mainly in the summer of 1902. During 
these field seasons the following person were employed at various 
times as field assistants : L. D. Ryan, Charles Landes, S. H. 
Richardson and R. L. Ewing. The portion of the report which 
deals with the Packwood and Davis Fields has been prepared by 
Prof. Milnor Roberts. 

The very kind assistance of the mine owners, managers and 
superintendents is gratefully acknowledged. Their friendly inter- 
est has been shown in many ways, and the information possessed 
by them has been cheerfully placed at our disposal. 

HENRY LANDES. 

Univbrsxtt op Washington. C. A. RUDDY. 

Seattle, March, 1903. 
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CHAPTER I. 
ORNAMENTAL AND BUILDING STONES IN GENERAL 
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DBISAND AND USES. 

Buildings— 'The demand for stone for building purposes 
is regulated by a number of different things, some of which 
are as follows : Cost of other kinds of material used for build- 
ings ; stability of stone as compared with other kinds of build- 
ing material; "show" or the desire to give buildings as im- 
posing an appearance as possible ; the desire to make buildings 
more nearly fire proof, and the slowly increasing desire for 
more permanence. 

The first thing, at the present time, when most pec^le be- 
ging thinking about putting up a building of any kind is 
what it will cost and this causes them to begin to figure and 
compare the filrst cost of the different kinds of building ma- 
terials that may be available, such as stone, iron and steel, 
brick and lumber, and usually the cheaper material is used. 
In this state the demand for stone for building purposes is 
not very great as yet on account of its first cost being much 
more than that of wood, brick or iron. And then again the 
people have not reached that stage of advancement where 
their ideas of permanence demand the stone, but rather they 
are simply building for the present, and leaving the future to 
take care of itself. The fact that Washington is well sup- 
plied with other material than stone for building purposes has 
tended to retard an increase in the demand for stone. 

The demand, however, is slowly increasing and is much 
more now than it was ten years ago. An increase in the num- 
ber of brick buildings being constructed usually calls for a 
larger amount of stone, as in nearly all cases stone is used 
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for fcfuHdations and trimming^, and in many cases the fronts 
will|l^' built of stone and the sides and rear walls of bricks. 
: 'Stbne is more stable than other kinds of building ma- 

. terial and where the first cost is not the determining factor 
Ais question of stability enters as a factor to determine the 

'kind of material to be used. In a new country like Wash- 
ington the desire for large profits on small investments causes 
the rapid construction of buildings from cheap material, and 
the result is that a large part of our buildings are wooden 
structures. The desire on the part of most people to have 
as imposing looking buildings as their neighbors has in some 
cases caused a greater demand for stone, and many persons, 
who cannot afford to build stone buildings, veneer the fronts 
with stone so as to make them appear as imposing as many 
others built entirely of stone. This is true especially in regard 
to business blocks in the cities. In the cities the desire for 
fire proof buildings is constantly increasing and the wooden 
structures are gradually being replaced by structures in which 
the principal material is stone or brick. In some cases arti- 
ficial stone, or material resembling stone, has been manufac- 
tured, and in so far as this has been used in buildings in just 
that far has it interefered with the demand for stone. 

Monuments— Stone has been used for ages for monumental 
purposes, and there is hardly a cemetery in our land but what 
has its mausoleum of stone, and almost every lot its slab of 
marble. The demand for stone for monumental purposes is 
constantly increasing and better grades of stone are being 
used. It has been only a few years since it was very rare to 
find anjrthing except marble used for monuments, but the 
demand for something more permanent has caused the marble 
to be partially replaced by granite. The marble is much more 
easily worked than granite, and hence cheaper, and this fact 
is a very strong point in its favor with a great many people. 
The demand for certain stones is determined quite largely by 
the reputation they have. This is due quite largely to the fact 
that the majority of the people are not capable of telling the 
difference between a good stone for monumental purposes and 
a poor one. Scotch granite has been used quite extensively 
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in this country, not because we do not have as good granites 
here, but principally because the Scotch granites had the repu- 
tation and our granites have had to make their reputations. 
The Scotch granites are gradually being replaced by our own 
native granites since we have found they are just as good 
and much cheaper on account of the tariff on the imported 
stone and the cost of transportation, which are expenses not 
met with in the case of the domestic stone. The atmospheric 
agencies affect the polished surfaces of the marbles and cause 
them to loose their polish much more quickly than the harder 
granites. Then the various colors found in the granite are 
more pleasing to most people, as a general rule, than the 
pure white of the marble. Our methods of cutting, polishing 
and working of the stone in general have been improved very 
much in the last few years, and this has caused the cheapening 
of stone so that people of moderate means can have a better 
grade of work done and use a better grade of material. 

Road Making — Stone in some form has been used for road 
making to a greater or less degree since the time when roads 
were first built, but even at the present time the larger part 
of the stone used for road making is used by the cities and 
in the west especially very little is used by the country dis- 
tricts. A few years ago, stone in the form of blocks of granite, 
limestone and quartzite was used in many of the larger cities 
for street paving, especially on the streets subject to heavy 
traffic, but these are gradually being replaced by other forms 
of material such as vitrified brick, asphalt, and in some cases 
wooden blocks have been used. The wooden blocks, however, 
have not proven very satisfactory and are not now being used 
very much. Whether streets and roads are made of macadam, 
vitrified bricks, asphalt or wooden blocks a good foundation 
is a very important part of a good road or street and rock is 
the principal material used in the making of these foundations 
while asphalt or vitrified bricks are at the present time used 
as the surface material. 

In road building or street paving the question of first cost 
is a very important factor in determining the material to be 
used. In Washington, outside of a few of the principal towns. 
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very little work of a permanent nature is done on the roods. 
It is true the roads are worked more or less each year, but 
the work done is not of a permanent character, and has to 
be done over each year and we have poor roads besides. 
Washington has very few miles of macadamized roads, not 
because the material needed for building such roads is not 
in the state, but because the people have not reached the 
point where they feel that it is better to concentrate their 
energies and build a few miles of good and permanent road 
instead of distributing their work over so large an area that 
nothing is well done and it all has to be done over the fol- 
lowing season. Not all stone is suitable for road making ma- 
terial. A good road making material should be hard enough 
so that it will resist, wear well, and on the other hand it should 
not be so hard that it is slick and glassy. Then again it 
should have such a composition that the material when pul- 
verized will cement together again and in this Way it will form 
A solid, firm surface. If the material is so soft that it is 
abraded or worn away rapidly it will form volumes of dust 
during the dry season and quantities of mud during the wet 
season. 

Curbing — ^The demand for stone, in the cities, for curbing 
has been increasing quite rapidly in the last few years until 
at the present time it is quite considerable. Even in our own 
state cities like Seattle, Tacoma and Spokane have in the 
last few years used quite a large amount of stone for this 
purpose. 

Bridges and Culvert Construction. — ^There is a constant 
and growing demand for stone for bridges and culverts. la 
Washington, however, this demand is confined principally to 
the railroads and it has only been within the last few years 
that they have been using stone. When the railroads were 
first built through this state the bridges and culverts were all 
built principally of wood, but these are gradually being re^ 
placed by steel and stone structures. In many cases the rail- 
roads own and operate the quarries from which they obtain 
the most of their stone. The demand for stone for bridges and 
culverts on the public highways in this state is not very ex- 
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tensive as yet, hat as the state becomes more thickly settled 
and we begin to build better roads the demand will gradually 
increase until eventually a large amount of stone will be used 
for this purpose and all of this will be supplied from private 
quarries. 

Miscdlaneous Uses. — In some places, especially in the 
large cities, there is quite a demand for flagging stone for 
sidewalks. Other uses such as retaining walls, jetties, steps, 
riprap, posts, etc., furnish a constantly increasing demand for 
stone. The stone that is probably used most for flagging is 
the sandstone, principally on account of the fact that it is 
stratified and is frequently capable of being split easily into 
thin slabs along the planes of stratification. Some of the 
Bellingham Bay stone fromi the Chuckanut quarries is quite 
good flagging stone. 

NECESSARY OONSIDERATION IN THE SELECTION OF STONE. 

€olorw«^The color of a stone, while, perhaps, not having 
very much to dp with its real value, is frequently a very im- 
portafit factor in determining whether it will be used in certain 
places or not. 

Tke color of many of our building stones is what has 
been designated a composite color ; that is, it is a color made 
by the combination of two or more 'colors. The grayish color 
ol so many of our granites is due to the fact that they are 
made up of white or light colored feldspar, and dsu-k or black 
mica and hornblende finely divided and intimately mixed. 
In otiier cases the separate minerals occur in quite large 
particles and retain their separate colors and cause the mottled 
appearance so common in some granites. In other cases the 
feldspar is redish or pinkish and this is the cause of the red 
er pink granites which occur in some localities. The color 
of the sedimentary rocks is due principally to various forms 
of iron and carbonaceous matter. The limestones and marbles, 
when pure, are white and the reason they are so frequently 
colored is because they contain impurities of various kinds. 
The sedimentary deposits, such as the sandstones, vary a great 
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deal in color even in the same deposit, and frequently in 
short distances. When one understands the way these rocks 
have been formed this is what would naturally be expected. 
The material of which they are composed has been transported 
long distances by streams either in suspension or solution, 
and as the volume of water and kind of material would vary 
from time to time the color would probably <:hange more or 
less. Then again percolating water may have changed the 
surface part of a deposit so as to give it an entirely different 
color from what it had at first and different from what the 
underlying rock still has. The cemeting materials in the 
sandstones are responsible to a considerable extent for their 
color. The common cementing materials in sandstones 
are calcium carbonate, silica and iron. When calcium 
or silica occur the stone is apt to be light col- 
ored and when iron occurs it is a buff or dark 
color, depending on the form in which the iron 
occurs. The color of stone is apt to change after it has been 
quarried and exposed to the atmosphere for some time. The 
principal cause of their first change is loss of water, but on 
further exposure a still greater change may take place, due to 
the chemical changes that are taking place in the constituents 
of the rock itself. If a stone contains iron in the form of a 
sulphide it will be changed by the suction of the atmospheric 
agencies to an oxide and in this way change more or less the 
color of the stone. In some cases the color of a stone, re- 
gardless of its other qualities, determines, quite largely, its 
market value. The question of color is principally a matter 
of taste, and that being the case the demand for any particular 
kind of stone may vary on account of fashion. 

Influence of Weathering.— Whenever rock has been ex- 
posed for some length of time to the different atmospheric 
agencies certain results or effects have been produced which 
are usually spoken of as weathering. This change may result 
in the breaking up completely of the rock and formation of 
soils, or it may result in only a partial decomposition or in the 
formation of new minerals as in the decomposition of a feld- 
spar to produce a kaolin. 
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These weathering agencies may be separated into two 
classes depending on whether the action is principally a me- 
chanical action or whether it is principally a chemical action. 
These two classes of agencies may be designated as those of 
mechanical disintegration and those of chemical decomposi- 
tion. 

The principal agencies of mechanical disintegration are 
(i) ichanges of temperature; (2) mechanical abrasion; (3) 
growing organisms. The principal agencies of chemical de- 
composition are (i) water-solvent action; (2) carbon dioxide; 
(3) organic acids. 

Changes in temperature act in two different ways in pro- 
ducing decay of rock: (i) by unequal expansion and con- 
traction of the rock or of the separate minerals of which it 
is composed; (2) by the expansion through freezing and the 
contraction, when thawed, of the water in the pores of the 
rock. 

Agents of Mechanical Disintegration. 

Unequal Bacpansion and Contractioa. — It is a well known 
fact that in general substances when heated expand and con- 
tract unequally for the same variations in temperature. Rocks 
are poor conductors of heat and one side of a comparatively 
thin layer may be changed in temperature quite a good many 
degrees before affecting the other side. The igneous rocks 
are mixtures of several minerals, and each mineral has a dif- 
ferent rate of expansion and contraction for the same changes 
in temperature. That is if the temperature of each mineral 
composing a piece of granite, for instance, be raised 10 degrees, 
the amount of expansion will be different for each one. Then 
again these minerals do not expand equally in all directions, 
but expand more in some directions than they do in others. 
The miinerals in igneous rocks are more or less interlocked 
with each other and the fact that they expand differently 
in different directions produces a very unequal strain and this 
repeated time after time finally separates the particles and 
causes the breaking up of the rock. The sedimentary rocks 
are not so complex as a general rule as the igneous and hence 
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are not affected so much by these changes. Where the rocks 
are exposed to the direct rays of the sun during the day the 
temperature is increased and they expand, and at night they 
cool again and contract, and this process goes on day after 
day indefinitely, and eventually particles are completely separ- 
ated from the main mass. These changes in temperature, of 
course, are only surface phenomena, but if the small particles 
loosened by this means are constantly being removed it gives 
this force a chance to keep continually acting and eventually 
large nuasses of rqck are completely disintegrated. A good 
case showing the expansive force of heat is cited by Buckley 
in his "Building and Ornamental Stones of Wisconsin/' where 
he states that ''the expansive force of heat is well shown in 
many of the limestone quarries of Wisconsin, where beds from 
5 to 6 inches in thickness are for the first time exposed to the 
heat of the summer's sun. These thin beds become heated 
throughout their entire thickness, and arch up on the floor of 
the quarry, generally breaking and completely destroying the 
stone." 

Freezing and Thawing of Included Water.-^A11 rocks are 
more or less porous and these pores, before the rock is quar- 
ried, always icontain more or less water, and after being quar- 
ried for some time and exposed to the atmosphere, they lose 
this water. However, when rain storms occur they are apt 
to absorb more water and if the temperature falls below the 
freezing point when the stone is m this condition the water 
will be frozen. As is well known water on freezing expands 
and in expanding exerts a pressure or expansive force equal 
to about 150 tons to the square foot. It is plain to see that 
if the rock contains any very large amount of water and 
freezes the result will be the spreading apart or separati];ig 
somewhat of the particles composing the stone. Then the 
water thaws and freezes again and so on indefinitely and the 
result is that particles are finally completely loosened and fall 
off. This effect is principally on the surface of the rock and 
is the cause of the scaling frequently seen in buildings that are 
built of certain kinds of stone. In addition to the pores, 
which occur in the rocks, there are the openings which occur 
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along the joint, bedding and foliation planes. Water falling 
on the surface of the ground and more or less of it sinking 
into it enters these cracks or crevices and while it will flow 
more readily along these than it does through the pores of the 
rock, still many times these will be filled and freeze while in 
that condition. As has already been stated, water when 
freezing exerts a very great expansive force and will tend 
to separate the rocks along these planes and when the ice 
melts the rocks do not come back to their original position, 
but retain the position they had when the water was frozen 
in them. Then these cracks are filled again and ref rozen, and 
the seams opened a little farther and the same process re- 
peated time after time finally produces a perceptible effect 
and tends to weaken the stone. This is especially true of 
sedimientary deposits such as sandstones, particularly where 
they have marked bedding planes. 

Mechanical Abrasion.— 'Mechanical abrasion is a very 
prominent source of decay of rocks in nature. The streams 
with their foads of sediments are constantly abrading or wear- 
ing away their beds and, more or less, their banks also. In 
certain localities, especially in the arid regions, the wind is a 
very important abrasive agent. In these localities dust 
storms take the place of rain storms and the dust and sand 
carried by the wind act as graver's tools in cutting the rock 
with which it is brought in contact and in many instances cut 
the rocks into very fantastic shapes. In some parts of Wash- 
ington the amount of abrasive work done by the wind is con- 
siderable. The effect, however, on buildings is not very great. 
In some instances rain is quite an important abrasive agent in 
wearing away the different kinds of rocks, but it has so little 
effect on buildings that it perhaps hardly deserves mention, 
but in some particular cases it may have some effect by break- 
ing off very minute particles from the walls. 

Minor Agencies.— -Plants of various kinds and tmder cer- 
tain conditions tend to cause the decay of the rock. Where 
the roots and rootlets penetrate the cracks and crevices in the 
rocks they act mechanically and chemically to cause decay. 
As the roots grow and expand they tend to separate the rock 
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masses and particles more and more until finally they separate 
them completely. In many instances the walls of buildings 
are allowed to become covered with ivy and other forms of 
clinging vines. These send their small roots into the crevices 
in the walls and they have a tendency to cause particles to be 
broken off from the walls. Then again they form good places 
for the collecting of dirt and foreign substances which hold 
the moisture and have a tendency to absorb any injurious 
gases which may be in the atmosphere. The stone will absorb 
more moisture because the plants will hold it and not allow 
the wall to dry so soon at it otherwise would, and the more 
moisture the wall contains the greater the effects due to freez- 
ing and thawing, so that while these plants may be ornamental 
they can hardly help but shorten the life of the building. 

The methods used in quarrying and working stone very 
frequently are such as to hasten very much the decay of the 
stone. Stone that has been quarried by blasting is very apt 
tx> be shattered more or less and in this way weakened. The 
stone msay not show the effects of the blasting when first 
quarried, but the cementing together of the particles has been 
partially overcome at least and besides this there have been a 
gjeat many very minute cracks and seams formed, perhaps 
microscopic, which give a better chance for the water to pene- 
trate the rock. Again stone that is hammer dressed will not 
be as long lived as stone that has been sawed for the reasons 
given above. It makes a material difference with some stone 
as to how it is worked as regards bedding planes and in regard 
to the way it is placed in the building with reference to the 
position it occupied in the quarry ; that is whether in the build- 
ing it is so placed that the bedding planes are vertical or hori- 
zontal as they were originally. 

The position in which stone is placed in the walls, es- 
pecially if it be stone that occurs in bedded deposits, will have 
considerable to do with determining the length of life of the 
stone. Water will penetrate the stone along the bedding 
planes much more readily if they are vertical than when they 
are horizontal and consequently the effects from the freezing 
and thawing would be much greater in the first instance than 
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in the latter. If stone is placed on edge and the water soaks 
into it and then freezes the tendency would be to produce 
scaling or breaking off of small particles from the surface or 
faces of the walls. 

Agents op Chemical Decomposition. 

Water-Solvent ActioiL — Pure water has very little effect as 
a solvent of the different kinds of rocks, but as a matter of 
fact we have very little, if any, absolutely pure water occuring 
in nature. Rain water, which is as pure as any found in 
nature, contains many gases, especially carbon dioxide, and 
when water containing this gas comes in contact with the 
different kinds of racks it has a tendency to dissolve the min- 
erals of which they are composed and produce decay. Water 
percolating through the crust of the earth slowly dissolves 
a certain amount of the rock with which it comes in contact, 
and, in the case of a limestone, sets free more carbon dioxide 
which in turn attacks the limestone, dissolving more of it, and 
in some instances, such as the Mammoth cave in Kentucky, 
larg^ amounts of the country rock are taken into solution and 
removed by the water. Under ordinary atmospheric pressure 
and temperature water does not retain any very large amounts 
of the different gases, but when water sinks into the earth's 
crust the pressure is increased and in many cases the tem- 
perature is raised and these cause the water to be able to hold 
more of the different gases in solution, which would cause 
more rapid decay of the rock with which the water comes in 
contact. This is quite an important agency in the decay of 
many rocks, but is so slow in its action that it has very little 
effect on the length of life of stone in the walls of buildings. 

Organic Adds.— In nature the organic acids play quite an 
important part in the decay of rocks. In nearly all localities 
there is more or less decaying vegetation and as the rain 
water falls and comes in contact with this decaying matter it 
absorbs the organic acids that have formed and in percolating 
through the crust of the earth comes in contact with the dif- 
ferent rocks and tends to decompose them. It is very seldom, 
however, if at all, that these organic acids have any effect on 
the stone after it has been placed in the walls of buildings. 
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INHERENT QUAUTIBS OF STONE. 

Miaermlogical Coxx^KisitiocL — ^The mineralogical composi- 
tion of a stone is one of the very iin))ortant factors in de- 
termining its durability, and other things being the same that 
rock in which those minerals occur that resist decomposition 
best will be the most stable and resist longest the different 
agenx:ies that are constantly tending to decompose it. 

In the igneous rocks the mineralogical composition, as a 
general thing, is more complex than it is in the sedimentary 
rocks and the more complex the composition becomes the 
greater the chance that some of the minerals will be easily 
decomposed. The common minerals occuring in the igneous 
rocks are quartz, feldspar, mica, p3rroxene, and amphibdle. 
Of these quartz is the miost stable and in fact is hardly affected 
by atmospheric agencies at all, except, perhaps, those that 
act mqchanically, such as changes of temperature and the 
freezing and thawing of included water, and as this mineral 
absorbs very little water this would have very little effect 
and hence those rocks that are composed quite largely of 
quartz as a general thing are apt to be more stable than those 
in which this mineral is absent. The feldspars are quite stable 
minerals, but they do not resist the decomposing agencies so 
well as quartz and when they do decompose they form new 
minerals such as kaolin which is of no value in helping the 
rock to resist decomposition. Mica is a very prominent min- 
eral in many of the igneous rocks and when it occurs in finely 
divided particles resists weathering very well, but when it 
occurs in large masses, on account of the fact that it occurs 
in veiy thin layers, many seams are exposed which give fav- 
orable conditions for the action of the atmospheric agencies. 
The amiphiboles and pyroxenes are the least stable of the com- 
mon or prominent minerals occurring in the igneous rocks. 
Other things being equal, that rock is most durable which is 
composed. of those minerals that are most durable and for 
that reason the granites and rocks of that family are among 
our most durable rocks. The essential minerals of the gran- 
ites are quartz and feldspar, and as has already been ex- 
plained, these are very stable minerals, especially the quartz. 
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Somethnes the accessory mineralsv in a rock> become very 
important factors in determining the rate of weathering of the 
rock. One of the most common of these accessory minerals 
is perhaps iron sulphide or pyrite, and it is probably as in- 
jurious, when it does occur, as any of them. This mineral, 
when brought in contact with oxygen in the presence of mois- 
ture or water, oxidizes and forms iron sulphate which is easily 
taken into solution and either carried out of the rock com- 
pletely or brought to the surface and deposited as iron oxide. 
In this way stone in the walls of buildings may be discolored 
even if they are not weakened very much by the decomposition 
and removal of the pyrite. 

The sedimentary rocks are grains of igneous or sedimen- 
tary rocks that have been broken off from the parent mass by 
the action of the atmospheric agencies, and then recemented 
or hardened into rock agiun. The common cementing materi- 
als are silica, cakium and iron. The sandstones are fine or 
coarse grains of sand, having either a siUcious, calcareous or 
ferruginous cement. The rate of decomposition of the sedi- 
mentary rqcks is due partly to the original constituent miner- 
als of which they are composed anu tne cementing material 
hoMing these particles together. 

Buckley, in his report on "The Building and Ornamental 
Stones of Wisconsin," pages 37 and 38, has the following to 
say in regard to the cementing materials in the sedimentary 
rocks: 

'The important cementing materials, in the order of their 
{importance, are silica, calcium carbonate and iron oxide. A 
number of authors in text-books and reports on building stone 
have treated iron oxide as next in importance to silica as 
a cementing nvaterial. As will be shown, this is not true. 
Silica is the most important of the three cements. Calcium 
carbonate, although probably in itself less durable than iron 
oxide, is next to silica as a cement. Iron oxide, in it- 
self, is more durable than calcium carbonate, but 
owing to the absence of other necessary qualities, 
it contributes least to the durability of a rock, and is 
therefore of least importance as a cement. 
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"The relative value of a cement depends primarily upon its 
adhesive and cohesive powers. It may be observed that, 
among the sedimentary rocks, in which the cements are 
equally abundant, sandstone, in which the cement is silica, and 
limestone or dolomite, free from any ^considerable admixture 
of quartz, are the strongest rocks. The silicious limestones, or 
calcareous sandstones, are of intermediate strength. The 
weakest are those in which the cement is simply iron oxide. 
The point which it is intended to emphasize in this connec- 
tion is that a limestone, dolomite or sandstone is strongest, 
when the cement is of the same kind as the original constitu- 
ents. The reason for this is apparently in the fact that the 
force that binds like substances is stronger than that which 
unites unlike substances. Whether weathering proceeds more 
rapidly through mechanical disintegration or through solution 
depends more or less upon the kind of cement. For example, 
a silicious limestone disinteg^tes more readily than a pure 
limestone, while solution may be more rapid in the case of 
pure limestone. The walls of buildings contain compara- 
tively little water and the capacity to withstand mechanical 
disintegration is the more important quality. The essential 
thing is to have the particles composing a rock firmly bound 
together. The affinity between quartz and siliceous cement, 
between icalcium carbonate and calcareous cement is stronger 
than that which exists between quartz and calcium carbonate. 
Further it is apparent that the adhesion between iron oxide 
and quartz or calcium carbonate is less than that between 
calcium carbonate and quartz. If the particles to be bound 
together were hematite instead of quartz or calcite, then under 
the principle that cohesion is stronger than adhesion, iron 
oxide would serve the purpose of a cement better than either 
silica or calcium carbonate. 

"Calcium carbonate, as a cement or otherwise, is quite 
readily taken into solution by carbonated waters. The cleav- 
age facilitates disintegration and the inherent softness of the 
mineral admits of easy abrasion. Silica, on the other hand, 
is very refractory, is dissolved only with great difficulty under 
ordinary conditions and being one of the hardest of minerals, 
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does not respond very readily to abrasion. Iron oxide is one 
of the harder minerals, is not readily acted upon by water, and 
has a medium capacity to withstand abrasion." 

Some of the less important substances occurring in the 
sedimentary rocks are clay, pyrite and bituminous matter. 
These in some cases may have an injurious effect on the stone, 
but in most cases they do not occur in large enough quantities 
to cause any detrimental effects. The clay may occur dissemi- 
nated throughout the stone or it may be segregated and occur 
in masses and in this case it would probably cause the stone to 
weather unevenly, while if it were finely disseminated all 
through the stone the tendency would be more to weaken it 
P3rrite in the sedimentary rocks would have practically the 
same effect as it would in the igneous rocks and this has been 
already explained. 

Texturcw— The texture of a rock is determined by the 
size and arrangement of the particles of the mineral sub- 
stances of which it is composed and is a very important factor 
as regards its durability. The size of the grains, the distance 
apart, and the manner of contact have much to do with the 
strength and durability of the stone. In some cases the par- 
ticles composing the rock are held together by simple adhesion 
while in others, such as some of the sandstones, the grains are 
more firmly held together by some cementing material, and in 
still another class, such as the igneous rocks, their great 
strength and durability are due to an intricate interlocking 
of the constituent particles composing the rock. The size and 
shape of the particles of a rock are factors in determining the 
amount of pore space it can have. For instance, a rock in 
which the particles are of a uniform size and spherical in 
shape is capable of having the greatest amount of pore space. 
It does not follow, however, that such a rock will always have 
a larg^ amount of pore space as a part may have been filled 
by material being deposited around the grains. 

The size of the pores in a rock may vary from those that 
are very minute and microscopic to those that are of consider- 
able size and easily seen with the naked eye. The effects of 
a high per cent, of pore space in a rock are to cause it to have 
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a high ratio of absorption and also weaken it more or less, 
as other things being equal the less the amount of pore space 
the stronger the rock. Some rocks have substances scat- 
tered through them which weather faster than the main mass 
of the rock and in this way quite large cavities are sometimes 
formed and when these are formed in any very great numbers 
they are very injurious to the stone. The size of these cavi- 
ties will depend on the size of the individual mineral particles 
and in many cases they will be so small that they will not 
be visible to the naked eye but at the same time they may 
be very injurious on account of their great abundance. 

The sedimentary rocks are apt to vary more as regards 
the size and composition as well as the compactness of the 
grains than the igfneous rocks. In many instances these varia- 
tions are plainly noticeable in single beds while in other cases 
it is seen only in different beds. In the sedimentary rocks, 
such as sandstones and many limestones, such as those con- 
taining a large number of fossils, the cementing material does 
not resist weathering as well as the rest of the stone, and hence 
it is worn away faster and the surface becomes very rough and 
uneven. 

Hardnetad^— The hardness of a rock is determined by the 
hardness of the minerals composing it, the size of the compon- 
ent mineral particles, and the state of their aggregation. A 
rock may consist of grains of the hardest of minerals and still 
be very soft, this being due to the fact that the grains are not 
firmly cemented together, while on the other hand the in- 
dividual grains might be quite soft but well cemented to- 
gether and the rock still be fairly hard, so that it is very plain 
that the way in which the individual grains are bound together 
is very important factor in determining the hardness of any 
rock. Of two rocks in which the conditions as regards the 
size and shape of the grains and cementing material are 
similar, the one in which the individual minerals are the 
hardest will be the harder rock. A knowledge of the miner- 
alogical composition aids us in forming an idea of its hardness 
and comparing it with other rocks. Not all rocks, however, 
having the same mineralogical com/position are of the same 
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hardness, owing to the variation in the per cent, of the differ- 
ent minerals found in them. In the sedimentary rocks the 
shape of the grains has much to do with the hardness of the 
rock and other conditions being similar that rock in which the 
grains are irregular in outline and having sharp comers and 
interlocking, something after the fashion of the particles in 
the igneous rocks, will be the hardest. In some sedimentary 
rocks the cementing material is harder than it is in others and 
this has an influence on the hardness of the rock mass. 
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CHAPTER II. 

LABORATORY TESTS ON BUILDING AND ORNA- 

MENTAL STONES. 



In all laboratory tests that are physical tests the conditions 
under Which they are made are not the conditions under which 
the stone will be when it is placed in the walls of buildings. 
The laboratory tests are as a general thing made under very 
extreme conditions. A series, however, of well planned and 
carefully .conducted physical tests of any particular building 
stone is in many cases of very great value. The knowledge 
gained by such a series of tests will enable a person, if he 
knows the conditions under which the stone is to be placed, 
to predict with a fair degree of accuracy, without an examina- 
tion of the quarry, the results of exposure to the atmospheric 
agencies. 

So important are these tests that in the case of new quar- 
ries or of stone that is being placed on the market for the first 
time, owners should not expect any very great sale until 
the tests have been made and the quality of the stone proven, 
as far as it can be by this means. Before any very large 
amount of money is spent in opening up a new quarry the 
stone should be carefully tested in the laboratory and its 
character determined. In many cases stone is put into build- 
ings without these tests having been made and as a result in 
a few years when the buildings begin to decay and look 
shabby the owners realize the value it would have been to 
have had the stone tested before using it. Instances of this 
kind are found in Washington where stone has been used in 
buildings and after a very few years of exposure to the atmos- 
phere it has commenced to crumble and decay. A careful 
testing of the stone would have shown the unfitness of it for 
building purposes and in the end would have saved much ex- 
pense. 
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In the preparation of this report the laboratory tests have 
been considered under the following heads : : 
I. Microscopical ; 2. Chemical ; 3. Physical. 



MICROSOOPICAL TESTS. 

In the study of rocks a good hand lens is very useful and 
in ^he case of most rocks much may be learned, as regards 
structure and mineralogical composition, by a study of hand 
samples, in this way. Many rocks, however, are of such a 
character that to determine accurately the structure and min- 
eralogical composition the compound microscope is needed. 
For use with the microscope thin slices of the rock to be ex- 
amined are cut and ground down so thin that light will pass 
through them and then mounted on an object glass for in- 
spection. 

The microscopical examination is a very important one but 
only within the last few years has it been very extensively 
applied. One of the most important things to know in con- 
sidering the value of a building stone, is its mineralogical com- 
position. This is apparent when we stop and consider the fact 
that the same elenvents might be present in two different rocks 
and united in different ways in each case and thus forming 
different minerals. In one case minerals might be formed that 
would resist weathering well, while in the other case the min- 
erals formed might be easily decomposed. With the micro- 
scope and thin sections the mineralogical composition of a 
rock can be told. 

Another very important factor in determining the value 
of a stone for building purposes is the size, shape and way 
in which the individual grains or particles are united and the 
only way in many cases at least that this can be told is by 
the aid of the microscope. Impurities may be detected that 
would not be found in any other way. The condition of the 
grains composing the rock, that is as to whether they are per- 
fectly fresh or partially decomposed, can in many cases be told 
only by the aid of the microscope and thin sections. 
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CHEBinCAL TBST& 

The chemical analysis of a rock will show what elements 
are present and in what proportions, but it does not show in 
what combinations they occur. The presence and amount of 
any substances which are harmful may be ascertained. The 
presence of iron and the condition in which it occurs, i. e., 
whether it is ferrous or ferric iron can be told by chemical 
analysis. The presence of magnesium carbonate in a lime- 
stone or marble can be told by a chemical analysis but could 
not be recognized by a microscopical examination. Chemical 
analyses have been much more generally made than the micro- 
scopical examdnation on account of the fact that the means 
for making the chemical analyses are more accessible than the 
other. Both the chemical analysis and the microscopic exam- 
ination are very valuable and in many cases neither can be 
dispensed with if we are to have anything like a fair know- 
ledge of the stone and in the preparation of this report both 
have been used. 

PHYSICAL TBST& 

Physical tests of building stones are the tests that are made 
to determine artificially the strength and ability of the stone to 
resist the natural weathering agencies or destructive forces 
encountered in actual use. In Washington the buildings are 
comparatively new and the stone quarried in this state has not 
been in use long enough so that it is possible to say, from 
actual experience, as to whether it is durable or not. The 
strength of a stone may be easily tested but the strength is not 
the only thing to be taken into consideration in estimating 
the durability of the stone. 

The trouble with all the physical tests is the difficulty of 
making the tests under exactly similar conditions to those 
under which the stone is placed in actual use. In the artificial 
tests the conditions are extreme but constant all the time while 
in actual use they are continually changing. Then again in 
the artificial tests there is usually but a single force acting at 
one time, while in nature, as a general thing, there are sev- 
eral acting at the same time. 
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Buckley'^ separates the physical tests into two classes as 
follows : 

A. Strength Tests. 

1. Crushing strength. 

2. Traverse strength. Modulus of rupture. 

3. Modulus of coefficient of elasticity. 

B. DuRABiUTY Tests. 
I. Spciciiic gravity. 



2 

3 

4 

5 
6 



Porosity. 

Weight of the stone per cubic foot. 

Effect of extreme heat. 

Effect of alternate freezing and thawing. 

Action of carbonic acid gas. 

Action of sulphurous acid fumes. 



A. Strength Tests. 

Strength. — ^Until recently about the only test that 
had been used in determining the suitability of a stone for any 
paiticular use was the crushing or compressive strength test 
and by many quarrymen and builders it has been considered 
that this test is all that is needed to determine the quality of 
any stone. The value of this test, however, has been in many 
cases very much overestima^ted. It is a rule among builders 
that a stone should never be placed where it will be subjected 
to more than one-tenth the pressure that the fresh sample has 
shown by actual experiment that it can resist. 

Buckley f in speaking of the value of this test has the fol- 
lowing to say : 

"It has been computed that the stone at the base of the 
Washington monument, the highest structure in the world, 
sustains a maximum pressure of 22,658 tons per square foot, or 
314,6 pounds per square inch. Certain contractors require a 
stone to withstand twenty times the pressure to which it will 
be subjected in the wall, while others only require ten times 
that pressure. Even if requiring a factor of safety of twenty, 
the strength required for a stone at the base of this monu- 



• BnUdiiis and OmamenUl Stones of Wiaconain, p. 57. 
t Building and Ornamental Stones of Wiaeonaln, p. 58. 



24 Annual Report Washington Geological Survey. 

ment would be only 6,292 tbs. per square inch. The pressure 
at the base of our tallest building can scarcely exceed one- 
half that at the base of the monument, or 157.3 lbs. per square 
inch. According to the above estimate stone used in the tall- 
est buildings does not require a compressive strength above 
3146 lbs. per square inch. There is scarcely a building stone 
of importance in the country that does not give a 
higher test than this. Ordinary building stone has from two 
to ten times the maximum required crushing strength. A 
stone, having a crushing strength of 5,000 lbs. per square inch, 
is sufficiently strong for any ordinary building." 

From the above it would seem that there are very few 
stones that, when fresh, would not have great enough crush- 
ing strength so that they would be able to resist the pressure 
to which they would be subjected when placed in buildings. 
The question of long continued pressure and what the result 
would be and how much the stone will be weakened by this 
and long exposure in the walls of buildings is one that cannot 
be answered very definitely at the present time. We know 
that a stone that has been subjected to great pressure and has 
this pressure removed will not stand the same maximum 
strain when placed under pressure again. 

In making tests of the crushing strength of any stone the 
results depend very materially on the way in which, and the 
care with which the samples have been prepared, and before 
it is possible to draw conclusion from tables showing the 
crushing strength of building stones it is necessary to know 
the way in which the samples have been prepared and the 
condition of the samples at the time the tests were made. 
Cubes that are prepared with a hammer or chisel are often 
shattered more or less, seams are frequently produced, and 
grains loosened, all of which tend to weaken the stone and 
cubes that are prepared by sawing or rubbing will usually be 
much stronger than those prepared with a hammer or chisel 

Most of the cubes used for crushing tests in the prepara- 
tion of this report were approximately two inches. A few 
were a little less. In some instances the cubes were prepared 
by the quarry owners and in others they were prepared in 
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the laboratory of the Washington Agricultural College and 
School of Science, and in most cases they were sawed and 
rubbed. The cubes were cut from blocks which so far as 
could be told were free from flaws and the faces rubbed 
down until they were approximately parallel. The cubes 
were then allowed to thoroughly dry, after which they were 
sent to Purdue University, La Fayette, Indiana, where they 
were tested. 

The following description of the method of making these 
tests was furnished by Mr. L. V. Ludy, in charge of the de- 
partment of Applied Mechanics, Purdue University, under 
whose supervision the work was done: 

"The tests were made in a vertical testing machine in the 
usual way, by placing the specim'en between the head and base 
of the machine and applying load until failure occurred. The 
forms of the specimens were cubes of approximately two- 
inch edges. In order to obtain a perfect bearing on the speci- 
men, plaster of paris was used, with sized paper between the 
specimen and plaster to prevent the moisture from- affecting 
the physical qualities of the specimen. 

It was desired in these tests to obtain the ultimate strength 
and modulus of elasticity. In order to accomplish the latter 
it is necessary to know the relation between the compression 
of the stone and the load required to produce this compression. 
To gain this information two yokes were designed which 
were placed around the specimen, one at the top and one at the 
bottom, and clamped in position by means of thumb-screws 
with rounded ends. By this arrangement the actual amount 
of compression of the stone between thumib-screws in yokes 
could be measured. The amount of this compression was 
measured by means of a compressometer which read to the 
one-ten-thousanth part of an inch. The average length of 
stone, in which the compression was read, was about one and 
one-eighth inches, and represents the distance between thumb- 
screws in yokes. 

The stone being in position in the machine, loads were 
applied, increasing uniformly and corresponding readings of 
the comipressometer were taken. By very careful measufe- 
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ments of the apparatus it was found that the calculated results 
could be relied upon as being correct to within one or two per 
cent." 

B. DuRABiLmr Tests. 

Specific Gravity.— The specific gravity of a stone is found 
by comparing its weight with the weight of an equal volume 
of water. Several different methods have been employed by 
different persons for doing this and in many cases the results 
are not entirely correct. Gen. Gilmore weighed the stone first 
in air, then suspended it in water and when bubbles were no 
longer given off he weighed it in water. Then it was taken 
out of the water, the surplus water removed from the surface 
of the sample by means of blotting paper or some other good 
absorbent and weighed in air again. Then the difference be- 
tween this last weight in air and the weight in water divided 
by the weight in air of the dry stone was taken to be the spe- 
cific gravity of the stone. 

At the Rose Pol3rtechnic Institute, Terre Haute, Indiana, 
the samples are weighed in air and then immersed in water 
and weighed as quickly as possible. The difference between 
these two weights divided by the weight in air gives the 
specific gravity. Each of these methods as shown by 
Bufckley* are faulty. The true dry weight in many cases, 
and perhaps in all, is not obtained, as it is necessary in order 
to expel all the water to heat the stone to no** C. for some 
time. Then again the weight in water is faulty, as the correct 
weight is not obtained until the sample is completely saturated 
and this even under the most favorable conditions takes quite 
a considerable length of time and is not completed when 
bubbles cease to be given off. "A third method is that which 
is conHmonly known as the specific gravity bottle. By this 
method a small bottle is weighed, filled with distilled water 
and weighed ag^in. The bottle is them emptied, dried, the 
powdered stone put in, and reweighed. These weights give 
the weight of the stone and the weight of the bottle full of 
water. The bottle containing the sample is partly filled with 

^ Balldlaf and OnuunenUl Stones of WitoontUi, ^. 63 and 64. 
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water and suction applied to exhaust the air bubbles, the 
filling completed and another weight taken. The specific 
gravity is then computed by dividing the weight of the stone 
by the weight of the water displaced by the stone."* If suf- 
ficient care is exercised in the manipulation this method should 
give very gx>od results. 

The determinations made in the laboratory of the Wash- 
ington Agricultural College and School of Science in the 
preparation of this report, were obtained by the method used 
by Buckley in the preparation of his report on the Building 
and Ornamental Stones of Wisconsin. 

The samples used for the determination of specific gravity, 
with a very few exceptions, were approximately one inch 
cubes. These were dried in a hot air bath at a temperature 
of I lo' C, until a constant weight was obtained. The weight 
was recorded in grams to the third decimal place. After this 
the samples were placed in a large bottle and the cork tightly 
sealed. It was then placed in a water bath, containing water, 
and at a temperature of lOo"* C, which was maintained 
throughout the forty-eight hours that the samples were in the 
bottle. The bottle was connected with an air pump and the 
air exhausted until the pressure in the bottle was reduced 
to at least an eighth of an atmosphere. Water which had 
been boiled and had a temperature of lOo" C. was slowly fed 
into the bottle, the air pump being worked at the same time, 
and in this way the pressure in the bottle was kept constant 
or nearly so. The water was fed into the bottle by placing 
one end of a rubber tube in the basin of hot water, the other 
end being attached to a piece of glass tubing which passes 
through the cork into the bottle. By means of a pinch cock 
the rate of flow of the water into the bottle was easily regu- 
lated. The water was fed into the bottle slowly until the 
samples were entirely covered. 

The samples were allowed to remain in the bottle 48 hours, 
then removed, placed in a pan of distilled water and taken 
and weighed. Before weighing the water was removed from 
the surface of each sample by means of blotting paper, then 

* BolkUag and OmmmenUl Stones of Witcoiitin, p. 64. 
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placed on the scale pan and weighed as quickly as possible. 
In order to ascertain if the samples were completely saturated 
they were placed in the bottle again under the same condi- 
tions as before and allowed to remain for 12 hours more, 
when they were again weighed and in some few cases a very 
slight increase in weight had occurred, but not enough to make 
any very perceptible difference in the results. The samples 
while still saturated were suspended, by means of a fine wire, 
in distilled water and again weighed. The specific gravity 
was then (determined by dividing the dry weight by the dif- 
ference between the dry weight and the weight of the sample 
suspended in water. The results are recorded in Table II. 

Porosity. — ^The percentage of pore space in a rock is usually 
determined by dividing the difference between the dry and 
saturated samples by the weight of the dry sample. Buckley* 
in discussing porosity objects to this method and says it does 
not give the pore space but rather a result that would better 
be called ratio of absorption. In order to show as low a per- 
centage of pore space as possible methods that are not strictly 
correct are sometimes used. 

The results shown in Table II. of this report were obtained 
as follows: 

The dry and saturated weights used in the determination 
of the specific gravity were used. The specific gravity was 
multiplied by the difference between the dry and saturated 
weights and the product added to the dry weight. This pro- 
duct was then divided by the sum of the dry weight and the 
product and the result taken as the percentage of pore space 
as compared with the volume of the sample tested. This 
is the method used by Buckley in the preparation of his report 
on the Building and Ornamental Stone of Wisconsin. 

Weight of Stone. — ^The weight of stone when it is taken 
out of the quarry depends principally upon the specific gravity 
of the stone, the amount of water it has, and the amount of 
pore space. For any given rock the amount of water is the 
variable quantity. Any determination of the weight of a 

^ Bnildiag ftnd OmamenUl Stones of Wlaoontln, pi». 68 and 69. 
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given stone to be of value should be made on the dry stone 
and not on samples which contain indefinite amounts of water. 

The results given in this report were obta?ned by multiply- 
ing the weight of a cubic foot of water by the specific gravity 
of the stone which gives the weight of a cubic foot of the stone 
if it were free from pores. This result was multiplied by the 
per cent, of pore space already found and the product sub- 
tracted from the result obtained by multiplying the specific 
gravity of the stone and the weight of a cubic foot of water 
together and the result is the actual weight of a cubic foot of 
the stone. The weight per cubic foot of the stone from the 
quarries of Washington is given in Table II. 

Freejdng and Thawing. — ^The freezing and thawing test 
is an imiportant one and especially if the stone is to be used in 
a wet, cold climate. As has already been stated the water 
been brought to Lewiston on scows and then reloaded and 
in the pores of the rock expands when it freezes and this 
tends to produce disintegration of the rock. The effect of 
freezing and thawing can be determined with a greater degree 
of accuracy in the laboratory than any other place. This is 
due to the fact that here we have the one force acting, while 
in nature there are a number of disintegrating forces acting 
together. Two methods have been used in determining the 
effect of alternate freezing and thawing and they are known as 
the natural and the artificial methods. The artificial method 
consists in boiling the samples in a solution of some soluble 
salt, such as sodium sulphate, until they are saturated and then 
allow them to dry. As the water evaporates the salt crystal- 
lizes and produces stresses similar to those produced when the 
water freezes in the pores. The conditions, however, were 
such that in the tests made for this report the samples could 
be saturated with water and frozen at night so that nothing 
was done with the artificial method. 

For making the freezing tests on the stone from the 
Washington quarries, the results of which are recorded in 
this report, approximately inch cubes were used with two or 
three exceptions. The samples were dried in a hot air bath 
at I lo* C. to a constant weight and the weight recorded. They 



80 Annual Report Washington Geological Survey. 

were then saturated with water and at night placed out of 
doors and allowed to freeze. In the morning they were brought 
into the laboratory, allowed to thaw out, then placed in dis- 
tilled water and left to soak until evening, when they were 
again placed out of doors and allowed to freeze during the 
night. This was repeated twenty times, after which the sam- 
ples were again dried in the hot air bath at iio"* C, and re- 
weighed and the loss of weight computed. Probably the most 
important test in connection with freezing and thawing is the 
determination of the effect on the strength of the stone, but 
unfortunately in the preparation of this report it was not possi- 
ble to make tests to determine this. 

Extreme Heat. — The ability of a building stone to with- 
stand extreme heat, in many cases at least, is a very import- 
ant one. This is especially true in the case of material which 
is to be used in cities where it is liable to be subjected to 
the intense heat of the conflagrations from which many of our 
cities have suffered and are liable to suffer at any time. Dif- 
ferent kinds of building materials vary much as regards their 
power to withstand high temperatures, but at the same time 
they may all be destroyed if the temperature is high enough. 
Some are even destroyed at quite low temperatures while 
others are but little affected at from iioo* F. to 1300' F. 
Stone is a poor conductor of heat and in the case of a fire in the 
cities the stone becomes heated to a high temperature on the 
outside and then, frequently at least, is cooled very suddenly. 
This sudden cooling causes the outer part to contract suddenly 
and the stresses thus caused produce fractures in the outer 
part of the rock and particles and sonvetimes large masses 
are thrown off. This repeated for a number of times may 
completely destroy the rock. Other things being equal the 
stone that has the simplest mineralc^ical composition and 
the most uniform texture will have the greatest capacity to 
withstand high temperatures and sudden changes. 

The temperature tests made in the preparation of this 
report were performed by placing samples, mostly inch cubes, 
in a muffle furnace and gradually bringing the temperature 
to 800® F., after which they were removed from the furnace 
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and some of them cooled suddenly by being put into cold 
water and others were allowed to cool slowly. Specimens 
were then placed in the furnace and the temperature increased 
to 1200® F., after which they were removed from the furnace 
and allowed to cool. Samples of the stones that were not de- 
stroyed at I200** F., were placed in the furnace and raised to a 
temperature of 1600' F., after which they were allowed to 
cool gradually. 

Carbonic Acid Gas. — ^The limestones and marbles are the 
only rocks that are affected to any extent by the action of this 
gas, which is manifest mainly in the large cities wbere 
large amounts of soft or bituminous coal is used. Tests 
were made in the laboratory on the marble and dolomites of 
Stevens county, to determine what the effect of this gas 
would be on these stones. The tests were made on samples 
which were cubes, the edges of which were approximately one 
inch long. These samples were first dried at i lo"* C. to a con- 
stant weight, after which they were placed in wide-mouth 
bottles, in which there was a small bottle containing water, 
and the corks carefully sealed. The bottles were then con- 
nected with CO2 generators by means of glass and rubber 
tubing. Carbon dioxide was then passed into the bottle until 
it was filled and then the tubing was closed to prevent the 
escape of the CO2, by means of pinch-cocks. The carbon 
dioxide was renewed three times a week through a period of 
twenty days. The samples were then removed, washed in 
distilled water, dried at i lo** C, and weighed. The difference 
of weight is recorded in Table IV'. The samples showed no 
evidence of deterioration. 
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CHAPTER III. 

granite; tufa and basalt of Washington. 



GRANITE. 

suitable for building purposes is 
found in a number of places in Washington but at the present 
time the demand is not sufficient to warrant the working of 
many quarries, tn time the demand will probably be much 
greater and new quarries will then be opened. 

In Western Washington the principal locality where 
quarrying has been done is at Index and two quarries have 
been opened at this plate. Granite occurs in a number of 
other places in Western Washington along the line of the 
Great Northern Railway. It also occurs near Granite Falls 
and North Bend and probably at many other places not men- 
tioned. Russell* mentions it as occurring along the Sauk 
river, the Skagit river from near Marblemount up stream a 
distance of about 20 miles, and a small area south of Monte 
Cristx). 

In Eastern Washington granite has been quarried at a 
number of places and is known to occur in many others. 
Granites are quite common in Kittitas, Chelan, Okanogan, 
Ferry and Stevens counties but in none of these has it been 
quarried to any extent. In Spokane and Whitman counties 
quarries have been opened and considerable granite taken 
out. Through Southeastern Washington the country rock is 
basalt and only in a few places comparatively do other kinds of 
rock occur, the principal ones of which, so far as granite is 
concerned, are near Medical Lake, near Spokane, on the 
Little Spokane river, and at Granite Point on the Snake 
river. 

The surface of the country through Southeastern Wash- 
ington before it was covered over with the basalt was very 
rough and irregular and in fact mountainous, the mountains 
being composed of entirely different kinds of rocks from those 

^ aotii ▲mmal Report U. 8. 6. 8., Put IL, p. 107. 
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found on the surface at the present time, or basalt. This 
is shown by the outcrops of metamorphic and igneous rocks 
such as gneisses, quartzites, granites and schists, which occur 
at various places throughout the basaltic area. Several splen- 
did illustrations of the outcropping of these rocks, which com- 
posed this older land surface, are found within a short distance 
of Pullman. One of the best of these illustrations is Steptoe 
Butte, which is about twenty-five miles north and a little west 
from Pullman. This butte is principally quartzite and rises 
about 1,000 feet above the surrounding country. It is almost 
conical in shape and stands out as an island in the basaltic 
area. North of Pullman ten miles is Kamiack Butte and while 
it does not rise so high above the surrounding country, still it 
goes to help prove the very uneven character of the surface of 
the country before the basaltic overflow. Kamiack is com- 
posed mainly of quartzite and rises 500 feet above the sur- 
rounding country. Both of these buttes existed as, perhaps, 
quite high mountain peaks before the basaltic overflow and 
were not completely inundated by it. Other outcrops of 
metamorphic rocks of less extent are found within a short 
distance of Pullman. 

Near Rosalia gneisses and quartzites are found outcropping 
through the basalt. At what is known as the ''hole in the 
ground," near Rock Lake, an outcrop of what appears to be 
quartz schist occurs. At Granite Point on Snake river granite 
rises 150 feet above the water and this is 3,500 feet below the 
top of Steptoe Butte. This would tend to show that Steptoe 
must have been quite a prominent peak even before the time 
of the basaltic overflow. 

There are no indications found where the basalt rests on 
these older rocks that they have been pushed up through the 
basalt Professor I. C. Russell * in discussing this point gives 
the following: 

"About 15 miles up the Snake river from the town of Asotin 
is a locality known as Buffalo Rock, which is of especial 
geological interest. This locality can be reached conveniently 

* Water Supply tad Irrlgatloa Paper Na 4, U. 8. G. 8., p 3i> 
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from Asotin by following a road recently opened along the 
west side of the river and at the bases of the great precipices 
of basalt that form the canyon walls. Above Asotin the 
canyon of the Snake river is deeper than below that locality 
and furnishes many striking exposures of columnar basalt, 
which rise tier on tier to a height of over 3,000 feet. In the 
neighborhood of Buffalo Rock, however, an important change 
occurs. The metamorphic rocks which formed the surface 
of the country before the vast inundation of molten lava took 
place again appear above the level of Snake river and rise at 
least 2,000 feet into the horizontally bedded basalt. The 
river has cut its gorge across a buried mountain so as to expose 
the rocks composing it for about a mile on each side of the 
stream. The horizontal layers of basalt abut against the 
steep sides of the old mountain and show no evidence of dis- 
turbance at the contact. It is evident that the lower rocks 
have not been forced up into the basalt but that the latter was 
poured out in successive sheets and flowed about a mountain 
of schist and finally overtopped its summit and buried it from 
sight. Additional overflows of the same character were 
spread over the site of the buried mountain and reached a 
thickness of fully 1,000 to 1,500 feet above its summit before 
Snake river began to excavate its canyon. 

The sides of the buried mountain, where they first appear 
above the river, are steep and without talus slopes or other 
products of disintegration. Although 3,000 feet of horizon- 
tally bedded basalt are exposed in the canyon walls adjacent to 
the outcrops of schists, it is evident that the valleys erf the old 
land lie below the level to which Snake river has corraded its 
channel." 

Snake River Area. 

Snake River Granite Quarry. — ^This quarry, owned by Mr. 
Miles C. Moore, of Walla Walla, is located about two miles 
above the mouth of Wawawai canyon, on the bottom of the 
Snake river canyon. It is in Sections 13 and 24, T. 13 N., R. 
43 E., and is 30 miles down the river from Lewiston. The 
Oregon Railway & Navigation Company at present operates a 
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line of boats from Riparia to Lewiston and the same company 
is now building a line of railroad from Lewiston to connect 
with their main line at Riparia which will pass by the quarry 
and give a better means of shipping the stone than has existed 
heretofore when it had to be loaded onto scows and towed 
to Riparia and then rehandled and loaded onto cars. 

The granite at this place is a ridge that was completely 
covered with the basalt and has been exposed by the Snake 
river cutting its channel deep enough to get through the basalt 
which covered the granite. The granite is exposed for about 
one*third of a mile along the river and in the hjghest places 
rises something like one hundred and fifty feet above the 
water. The canyon walls are composed of the edges of hori- 
zontal layers of basalt which rise i,8oo feet above the top of 
the ridge of granite. This basalt shows the least depth to 
which the granite was buried by the basaltic overflows. I 
say least depth because we do not know what thickness of 
overlying basalt has been removed by the atmospheric 
agencies. Considerable stone has been quarried and shipped 
from here to different places where it has been used for build- 
ing purposes, street curbing, and bridge piers. Fifty thousand 
cubic feet of this stone were used in the new government 
building in Portland, Oregon. 

The Snake river granite is a light gray biotite granite with 
very little hornblende present. The mica occurs in layers, to 
a certain extent, giving to the stone somewhat the appearance 
of a gneiss. The stone along the seams where the water has 
circulated for years is somewhat colored by iron, which is due 
partly to the decomposition of the iron bearing minerals in the 
granite and partly to the iron being brought from the decom- 
posing basalt which covered and surrounds it even at the 
present time. The joints and seams are not frequent enough 
but what blocks large enough for all ordinary purposes may 
be obtained. The stone is firm, resists weathering well, and 
is a good building stone. It works nicely and is said to take 
a very high polish. This quarry has been worked entirely 
by hand, the stone being broken down with powder and then 
worked into dimensions by splitting with plug and feather. 

t 



86 Annual Report Washington Geological Survey. 

The quarry is not operated continuously but only as orders are 
receired. At the present time (Sept. 1902) no stone is being 
quarried at this place. 

Mr. Moore also has another granite quarry further up the 
Snake river near the mouth of the Grand Ronde river. The 
stone here is darker colored and finer grained than the stone 
from the other quarry. This stone is said to take a very fine 
polish and has been used to some extent for monumental 
purposes. This quarry, however, is not very easily accessi- 
ble on account of the fact that the Snake river is practically 
unnavigable above Asotin. At times of high water, however, 
boats have been above the quarry and some of the stone has 
shipped from there. 

Under the microscope thin sections of this granite show it 
to be composed principally of quartz, feldspar and mica. 
The feldspar is more abundant than the quartz and both the 
orthoclase and plagioclase are present. The individual grains 
composing this rock vary much in size and range from those 
that are not more than a millimeter in diameter up to those 
that are as much as one-fourth of an inch in diameter— these 
being the feldspars. 

In ordinary light the quartz is almost transparent but in 
the sections examined it is not very common at least not so 
common as the feldspar. The feldspar has a clouded appear- 
ance but does not show the zonal structure which is so fre- 
quently found in this mineral. The decomposition has taken 
place along the minute seams which are very common in 
the feldspars in this granite. In places the sections show 
places where they have the appearance of being a collection 
of crushed mineral fragments. The mica occurs in flakes 
and masses of varying size and in the hand specimens occurs 
more or less in layers and gives them a somewhat banded 
appearance. 

In polarized light between crossed nicols the polysyn- 
thetic twinning so characteristic of plagioclase is well shown. 
In some cases inclusions are quite noticeable and these vary 
considerably in size but in no instance are they very large. 
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The following dh^mical analysis shows the composition 
of the granite from this locality : 

Silica (Si OJ 71.70 

FteTlc Iron (Fok 02) 1.46 

Femoos iron (Fe O) 1.80 

Alumina (Al, O.) 14.64 

Lime (Ca O) 8.18 

Magneala (Mg O) 0.89 

Water at 100* C. (H, O) 

Wlater above 110* C. (U, O) 0.92 

Aftaliee and undetermined 6.06 

100.00 

In the above analysis, the alkalies not having been sepa- 
rated, it does not show the kinds of feldspars that are present 
nor in what proportions. 

In making the physical tests two inch cubes of this granite 
were prepared by cutting them by hand with hammer and 
chisel to approximate size, and then rubbing the faces smooth. 
These cubes were used in making tests of the crushing 
strength of this stone, and as shown in Table I. it ranges from 
10,730 to 16^400 pounds per square inch, while the modulus 
of elasticity is from 1,532,000 to 5,135,000 pounds to the square 
inch. While these tests do not give a very high crushing 
strength for this granite, at the same time it is probably 
great enough for all practical purposes and in fact far in ex- 
cess of the pressure to which it will ever be subjected in 
any building or structure of any kind. 

Reference to Table II. shows the specific gravity to be 
2.677, ^c nitio of absorption as shown in the same table is 
.36 of I per cent, and the percentage of pore space is .969 of 
I per cent of the total mass of the rock. The samples used 
to determine the specific gravity and the porosity were alter- 
nately frozen and thawed each day, for a period of twenty 
days, and the loss in weight carefully determined. It will 
be seen by referring to Table III., that the loss in weight of 
a cube weighing 1 14.417 grams was .043 grams, or .036 of i per 
cent of total mass of the rock. The crushing strength of the 
frozen sample was not tested to see how much the stone had 
been weakened. 

Sam|>les were heated in the muffle to test the power of 
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this granite to resist high temperatures and sudden changes. 
At a temperature of 800" F., the stone crumbled on the edges 
and when heated to 1,200** F., and cooled the sample emitted 
the peculiar ring characteristic of stone which has been heated 
to a red heat and the strength of the rock was practically 
gone. A sample was heated to Boo** F., and cooled suddenly 
by being plunged into cold water, the result being that the 
strength of the sample was almost entirely destroyed it being 
so weak that it could be powdered between the fingers. The 
feldspar was somewhat changed in color, the slightly pinkish 
tinge which is found in some cases being considerably in- 
tensified. 

Index Area. 

Soderberg Quarry. — This quarry is on the main line of 
the Great Northern Railway, about seventy-five miles from 
Seattle, and is in Sec. 19, T. 27 N., R. 10 E. The quarry is 
about one-half mile below the town of Index, and is along 
the side of the railway. A short side-track has been built 
to facilitate the loading of the stone on the cars. The 
granite quarried at Index is used almost exclusively, wher- 
ever granite is used, throughout the Sound region, except for 
the finer grades of monumental work, and large quantities of 
it have been used for street curbing, foundations for buildings, 
and various other purposes. 

The Index granite is a light colored, medium grained, 
biotite-bearing hornblende granite. It appears to work quite 
easily, for a granite, splitting very straight and regular. 
The granite is broken down by blasting and then worked 
into sizes and shapes as desired. The quarry is operated en- 
tirely by hand with the exception of a steam hoist and derricks 
for handling the large blocks. The supply of granite here is 
practically unlimited as the mountains in this locality are 
practically all composed of granite. This stone is well suited 
for building purposes and all kinds of rough work, but does 
not take a good polish. The quarry is not operated con- 
tinuously but just to fill orders as received. During the 
summer of 1901 a force of thirty men was employed in getting 
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out curbing for the Seattle streets. This granite appears to 
resist weathering quite well as it is only affected very slowly 
by atmospheric agencies, and blocks that have been exposed 
to these agencies for years show very little change in color. 
Along the seams in the quarry some discoloration is found, 
due to the decomposition of the hornblende and the freeing 
of the iron, but this is on the surface only. 

An examination of thin sections under the microscope of 
the granite from this locality shows the rock to be composed 
principally of quartz, feldspar and hornblende, with a little 
biotite. The grains are of medium and fairly uniform size. 
Feldspar is the most abundant constituent, composing from 
two-thirds to three-fourths at least of the entire rock. The 
hornblende is much more abundant than the biotite, and the 
rock would be designated as a homblende-biotite granite. 
The feldspar is almost pure white with occasionally a very 
slight pinkish tinge which is not marked enough to have 
any influence on the color of the rock. The color of this rock 
is a light gray produced by a blending of the light colored 
feldspar and the black hornblende. As seen in ordinary light 
the feldspar has a dirty appearance and the individuals are 
considerably granulated about their edges. Twinning of the 
feldspars is common. The feldspars are orthoclase and plagi- 
oclase with a preponderance of the latter. The minerals all 
have very irregular outlines and interlock in an intricate 
manner. Many of the feldspars show very plainly the zonal 
structure, due probably to weathering, while others again 
show transverse markings, which are due to weathering 
along transverse seams in the crystals. 

The following chemical analysis of a sample from the 

Soderberg quarry shows the composition of this granite : 

SUlca (Si O,) 67.46 

Iron iVe, O,) 8.84 

Alumina (Al, O.) 18.04 

Ume (Ca O) 4.68 

Magxiesia (Mg O) 2.66 

AlkaUes (by <differeiice) (K, O ft Na« 

O) 8.67 

Loss on ignition 87 

100.00 
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The microscopical examination and the chemical analyses 
have shown the Index granite to be composed principally of 
very stable minerals. It is true there is considerable horn- 
blende, and this is not as stable as some other minerals, but 
the quartz and feldspar form the larger part of the rock. 
Reference to Table XL, shows the specific gravity of this 
granite to be 2.743, which is a little higher than that of the 
other granites being quarried in Washington at the present 
time. The same table shows the ratio of absorption to be 
411 of I per cent of the mass of the rock, while the pore 
space or porosity is 1.308 per cent of the total mass. 

The samples used to determine the specific gravity and 
porosity were alternately frozen and thawed, each day for 
twenty days, and the loss in weight carefully ascertained. 
The loss in weight as shown by Table III, was .035 grams 
or .041 of I per cent of dry weight of the stone. This loss 
in weight was due to the breaking off of small particles, 
which may have been partially loosened in the preparation of 
the samples. The same sample after freezing showed no signs 
of injury so far as could be detected by the eye, and it was 
not possible to test its crushing strength and compare it 
with the unfrozen sample. 

Cubes of this granite with two-inch faces were prepared 
in the same way as those of the Snake river granite and 
used for making the crushing strength tests, and for deter- 
mining the modulus of elasticity. The results of these tests 
are shown in Table I. The crushing strength of this stone 
as shown by the tests made ranges from 13,900 to 16,610 
pounds to the square inch, while the modulus of elasticity is 
from 2463,000 to 44444,000 pounds to the square inch. This 
is practically the same as the crushing strength of the Snake 
river granite but a little higher than that from the Little 
Spokane river. 

Tests were made to show the effects of high temperature 
by placing samples in a muffle furnace and gradually heat- 
ing to a temperature of 800' F. Samples after having been 
at this temperature and cooled were very much weakened and 
crumbled on the edges, while those that were at a tempera- 
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ture of 1 ,200* F. to i,6oo* F. were practically destroyed. 
Specimens of this granite when heated to 800* F., and cooled 
suddenly are completely destroyed and can be crumbled to 
pieces between the fingers. The peculiar sound that is given 
by granite, which has been heated to high temperatures, when 
scratched, was very noticeable in this case. The color was 
not changed by extreme heat. 

This granite is not susceptible of a good polish and hence 
is suitable only for places where rough or dressed but not 
polished stone is used. 

EUU Quarry.— Mr. T. S. Ellis of Seattle has recently 
opened a new granite quarry about one-half a mile east 
of Index in Sec. 20, T. 27 N., R. 10 E. The stone from 
this quarry is practically the same as that from the Sod- 
erbery quarry. The stone from this quarry has been used 
principally in Seattle. The quarry is situated by the side 
of the railroad and a short sidetrack has been built and 
the stone is loaded right from the quarry on to the cars 
so that the minimum expense is incurred in getting the stone 
on board the cars. Should the demand in western Washing- 
ton for grznitt as a building stone continue to increase, and 
it probably will, both of these Index quarries should in the 
near future, be much better developed than they are at pres- 
ent, as they are well situated, as regards the railroad, and 
in other respects also, for being worked at a minimum ex- 
pense. In 1902 the Ellis quarry produced about $10,000 worth 
of stone, most of which was used in Seattle. 

LrrTLB Spokane Area. 

Washington Monumental and Cut Stone Co. — ^The quarry 
of this company is situated about nine miles north and a 
little west of Spokane on the Little Spokane river. The 
quarry is in Sec. 34, T. 27 N., R. 42 E., and is 2,300 feet 
above sea level or 400 feet above the river at Spokane. The 
quarry is very easy of access as there are no steep grades 
and a good wagon road passes by it. The highest ridges of 
the granite here are 2,889 feet above sea level or 589 feet 
above the present quarry. 
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A number of quarries have been opened along the side 
of the hill here and considerable stone quarried at different 
times. None of these quarries are worked continuously but 
the stone is quarried only when orders are received for it, 
except what little is used for monumental purposes by this 
company. The granite here is separated more or less into 
blocks by two well defined sets of joints which intersect at 
almost right angles. The size of these blocks varies con- 
siderable, in some cases being as much as six or eight feet in 
thickness and much longer even than this. The stone is 
quarried by having holes drilled at a point some distance up 
the side of the mountain above the quarry yard and then a 
large mass is broken loose by means of powder and thrown 
down to the foot of the hill, after which it is worked into 
proper sizes. The stone resists the atmospheric agencies well 
and is weathered but slowly. It is well situated for economic 
quarrying and the quarry should in the near future be much 
more extensively worked than it is at present. This stone 
is well suited for all kinds of building purposes, for curbing, 
and for monumental work and much of it is being used at 
present by the company for this latter purpose. 

This company has a plant in Spokane for working stone 
which is equipped with a gang saw for sawing marbles and 
the softer grades of stone, a granite polishing machine, an 
air compressor for pneumatic hammers, and a traveling crane 
having a capacity of fifteen tons. The yard is also supplied 
with a large derrick for handling the stone. At the present 
tim« the machinery is being driven by a twenty-two and a 
half horse power electric motor. 

Thin sections of the granite from the Little Spokane river 
examined under the microscope show the rock to be made 
up principally of quartz, feldspar, and mica. The grains 
vary considerably in size ranging from those that are quite 
small to those that are several millimeters in diameter. The 
quartz and feldspar are the most abundant minerals in this 
granite and they are about equally divided throughout the 
sections. The feldspar is principally plagioclase and has a 
light color, but occasionally orthoclase crystals occur. Viewed 
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under ordinary light the feldspar has somewhat of a dirty 
appearance, and some of the crystals show the zonal structure 
fairly well developed. 

The quartz particles have many seams in them which show 
very plainly under the microscope. The quartz has a very 
slight smoky tinge and is glossy appearing. The color of 
the rock is due to the mingling of this slightly colored 
quartz, the light colored feldspar, and the mica. Both mus- 
covite and biotite occur in the granite from this locality. 
The twinning so common to the feldspars is shown in sections 
of this rock but it is not so common as it is in the granite 
from Index. The minerals all have very irregular outlines 
and interlock in a very intricate manner. 

The following chemical analysis of a sample of the granite 
from the above quarry shows it to have the following composi- 
tion: 

SUlca (81 OJ 71.9S 

Iron (F^ Om> 2.69 

Almnliia (Alt O,) 15.07 

Uma (C^a O) 2.46 

MagneBia (Mg O) 0.68 

AlkaUee (by difference) (K, O ft Na, 

O) 6.92 

LoM on ignition 0.20 

100.00 

From the above analysis it is seen that this granite is 
high in silica and alumina and low in iron, lime, and magnesia. 

The specific gravity of this granite as shown in Table II, 
is 2.679 which is almost exactly the same as that of the Medical 
Lake and Snake river granite. As shown by the same table 
the weight of water absorbed, by a sample of this granite 
weighing 98.7 grams, was .685 of a gram and the ratio of 
absorption was .69 of i per cent of the mass of the stone while 
the porosity is 1.843 P^r c^^t of the entire mass. 

Two samples of this granite were cut into two-inch cubes 
by the owners of the quarry and used in making the tests of 
crushing strength and modulus of elasticity. These samples 
were prepared by cutting with hammer and chisel and then 
rubbing the faces smooth and the samples may have been 
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slightly weakened. The two cubes tested, as shown in Table 
I., had a crushing strength of 12,870 and i5i8oo pounds to 
the square inch, and a modulus of elasticity of 1,800,000 and 
2,058,000 pounds to the square inch respectively. This gran- 
ite has about the same strength as the other granites being 
quarried in Washington, but is considerable lower than that 
of many of the best granites being quarried in different parts 
of the United States. 

Samples were tested to show the effects of freezing and 
thawing by having them alternately frozen and thawed each 
day for a period of twenty days, and the loss in weight de- 
termined. The result of this test is shown in Table III., to 
be .07 of a gram on a sample weighing 98.7 grams or .07 of 
I per cent of the whole mass of the stone. No visible cracks 
were developed and so far as could be told without actual 
tests the stone was very little weakened. 

Tests were made to determine the effect of extreme heat 
by placing samples in a mufflle furnace and gradually heating 
to a temprature of 800* F. and then allowing the samples to 
cool in the open air. The samples when cpoled were found 
to be very much weakened and could be easily crumbled on 
the corners and edges. One sample was cooled suddenly from 
a temperature of 800' F., by being plunged into cold water 
and in this case the strength was completely destroyed. At 

■ 

1,200' F. even with slow cooling the stone was completely 
destroyed. At these high temperatures the color of the stone 
was slightly changed becoming a little lighter. 

This granite takes a high polish and is being used to 
a considerable extent for monumental purposes as well as 
for all kinds of work where rough or dressed granite is de- 
sired. 

Medical Lake Area. 

Giles and Peat Quarry. — ^The only granite quarry being 
operated at the present time (Sept. 1902) in this area, is 
owned by Messrs. Giles and Peat, and located on the west 
shore of Medical Lake, about thirteen miles west of Spokane. 
It is on the line of the Central Washington Railway, which 
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is a branch of the Northern Pacific, and distant from Spokane 
twenty-six miles. It is in Sec. i8, T. 24 N., R. 41 E. 

The stone being quarried at Medical Lake is a light gray 
colored, biotite granite, and a very firm and solid stone. It 
comes through the basalt at this place, and is entirely sur- 
rounded by it. The granite is being quarried along the west 
bank of the lake while on the east bank the basalt occurs. 
TIhe granite forms a bluff along the lake which reaches an 
altitude above the lake of about fifty feet. The quarry is 
operated entirely by hand and is not worked continuously 
but only to fill orders as they are received. The stone is first 
blasted out with black powder and then worked into shapes 
and sizes by hand. One set of joints in the stone here appears 
to be almost horizontal and near the surface especially these 
joints are close together. The stone is a fair one to work, 
q>litting quite straight and regular, but on account of its 
hardness it is not quite so quickly shaped as some granites. 
It resists the atmospheric agencies well and weathers but 
slowly as is shown by the granite in the quarry and in build- 
ings where it has been used. At the present time a force of 
men is at work filling an order for stone for Fort Wright, near 
Spokane. 

From the quarry the stone is hauled by teams about one- 
half a mile to the railroad where it is loaded on the cars 
and shipped to various places. This quarry has been in 
operation at intervals for a number of years and stone from 
here has been used in a number of the state buildings, such 
as the Administration building of the State University; the 
Administration building of the Agricultural College and 
School of Science, and the Medical Lake Insane Asylum. 
It is also used for street curbing and for gutters and in small 
amounts for monumental work. The quality of the stone and 
the accessibility of it should cause the demand to constantly 
increase and in a few years the quarry should be operated on 
a much larger scale. 

A thin section of the granite from* Medical Lake examined 
under the microscope shows that this rock is composed essen- 
tially of quartz, feldspar, and mica. The individual grains 
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vary somewhat in size but not so much as those of the granite 
from the Little Spokane river and on the average they are 
smaller also. While quartz and feldspar are the most impor- 
tant minerals in this granite at the same time the biotite 
is quite common. The feldspar is the most abundant mineral 
in this rock composing a little more than one-half of the 
entire mass. The orthoclase and plagioclase feldspars both 
occur in this granite. 

When viewed under ordinary light the feldspars have 
a dirty appearance, which is very marked in this case. Twin- 
ning is quite common also as shown by the sections and 
in places zonal structure is quite prominent. The quartz 
crystals under the microscope are quite clear and transparent 
but in the rock mass they have a faint smoky tinge. The feld- 
spar is light colored with a very slight pinkish tinge in places. 
The mica is quite a prominent constituent of this rock and 
is of the biotite or black variety. The minerals all have more 
or less irregular outlines and interlock in an intricate manner. 

The following chemical analysis ^hows the composition of 
the granite being quarried at Medical Lake : 

SiUca (Si O 68.24 

Iron (Fe^ O.) 8.60 

Alumina (Alt O.) 16.80 

Ume (Oa O) 8.20 

Magnesia (Mg O) 1.88 

Alkalies (by difference) (K. O ft Na. 

O) 6.40 

Loss on iii^ition 0.48 

100.00 

The above analysis shows this granite to be a little below 
the average in silica but with that exception it has about 
the composition of a normal or average granite. 

Samples of the Medical Lake granite were tested to deter- 
mine the effects of changes of temperature by being alter- 
nately frozen and thawed each day for a period of twenty 
days and the result as regards loss of weight is shown in 
Table III. A sample of this stone weighing 102.062 grams 
had lost at the end of the twenty days .062 grams or .06 of 
I per cent of its entire mass. Samples were also tested to 
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show the absorptive power and porosity of the stone and it 
was found that a sample weighing 102.062 grams a1>sorbed 
.562 grams of water and had a ratio of absorption of .55 of i 
per cent and a percentage of pore space or porosity of 1452 
of I per cent of the mass of the stone. The specific gravity 
of the Medical Lake granite was found to be 2.676 which 
is the same as the specific gravity of that from the Snake river 
and the Little Spokane river. 

Samples if this stone were placed in a muffle furnace 
and gradually heated to a temperature of 800** F. and some 
of the samples cooled suddenly by being plunged into cold 
water while the others were allowed to cool slowly. In 
the case of those that were cooled suddenly the strength 
was practically destroyed throughout the entire sample and 
it could be easily crumbled to pieces between the fingers. 
Those samples that were allowed to cool slowly crumbled 
easily on the edges only. Samples were then heated to a 
temperature of 1^00** F., and when cooled were found to be 
practically ruined as their strength was almost all gone. This 
high temperature caused the stone to change color somewhat 
the feldspar becoming of a pinkish color. The mica had more 
of a brassy appearance than it had before heating and the 
quartz was whiter. It had when struck that characteristic 
ring peculiar to granite after having been highly heated. 

The Medical Lake granite is susceptible of a good polish 
and is suitable for all kinds of monumental work as well as for 
building and all kinds of masonry work. 

Conclusions. 
From the tests made in the preparation of this report cer- 
tain conclusions may be drawn as regards the quality of 
Washington granite at least that being quarried at the pres- 
ent tinHe. The industry in Washington is in its infancy and 
in the course of a few years it is very probable that many new 
quarries will be developed as well as the present ones being 
much more extensively worked. A comparison of the 
strength of the Washington granite with that of the granite 
from other places indicates that the Washington granite 
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is below the average. This, however, does not hinder it from 
being a good building stone since as has already been shown 
in this report stone for building purposes is never subjected to 
more than from one-tenth to one-twentieth of the weight it 
will support and for the tallest buildings this is estimated to 
not exceed 3,146 pounds to the square inch.* 

The specific gravity is practically the same as that of the 
best granites found in the United States and while the ratio 
of absorption is higher than that of some of the best granites 
at the same time it is not as high as that of others. The 
percentage of pore space or porosity is above the average for 
granites. Some of these granites take a very good polish 
and are being used to a certain extent for monumental pur- 
poses. The stone does not vary much in color being in all 
cases a rather light gray. While the granite being quarried 
at the present time in Washington is not so good as some 
of the granites being produced in other localities it is un- 
doubtedly a very fair granite and is well suited for building 
purposes and as the state becomes more thickly populated 
and the cities become larger the demand for granite will be 
very much greater than at present and this demand should 
be largely supplied by stone produced at home. 

TUFA. 
The term tufa or tuff includes those rocks that are com- 
posed of fragmental volcanic material such as ashes, sand, 
and lapilH and which have been more or less consolidated. 
The material of which they are composed has in some cases 
also been derived from the breaking down and decomposing 
of volcanic rocks of various kinds. These rocks are gen- 
erally more or less stratified and in many cases stratification 
is very marked showing that beyond doubt they have been 
accumulated in water. The degree of consolidation of these 
rocks varies considerably and some of those that are of very 
recent formation geologically and some of those that are of 
very recent formation geologically are quite soft and not well 
compacted. 

* BuUding and Omameotal Stones of Wiiconain, i>. 58. 
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Tufa has been used soin(ewhat in certain localities as a 
building material but up to the present time it has not come 
into any very general use, for that purpose, in the United 
States. It occurs quite plentifully especially in many parts 
of the west. Tufa has been quarried at two different locali- 
ties in Washington as follows: Near Lilliwaup on Hoods 
Canal, and at China Bend in Stevens County. Very little 
work, however, is being done at the present time at either of 
these places. 

Lilliwaup Arba. 

The only stone quarry that has been operated in this area 
is about two miles north east of Hoodsport on the west side 
of Hoods Canal and about eight miles from the southern end 
of the canal. The quarry, at the time it was being operated, 
was known as the Lilliwaup Stone Quarry. The property is 
owned by Mr. C. J. Sund and is situated in Sec. 31, T. 23 N., 
R. 3 W. in the foot hills of the Olympic mountains, and while 
it is probably about eighty miles from Seattle at the same 
time it is very easy of access, and being situated on Hood's 
Canal, which is a deep water channel, it would have very 
cheap transportation and could be laid down in Seattle at a 
very reasonable figure. 

Some work has been done here toward opening up a quar- 
ry, but at the present time (Aug., 1901) nothing is being done 
A few scow loads of stone have been quarried here and used 
in Seattle. This material was quarried and marketed as a 
sandstone, but it is not a sandstone at all, being a tuff in- 
stead. The material occurs in stratified deposits which are 
dipping to the east at an angle of about 62'*. The deposits 
outcrop along the beach for at least two and one-half miles and 
may extend much farther, but are covered by deposits of 
gravel, which are very common through that locality. The 
strata composing the deposit vary much in thickness and 
range from those that are only a few inches up to those that 
are as much as four feet. They also vary somewhat in tex- 
ture, in some places being quite fine grained, while in others 
they are coarse grained. 



50 Annu al Report Washington Geological Survey. 

The microscopical examination of this rock was kindly 
made and the following description prepared by Professor J. 
P. Iddings, of the University of Chicago : 

"An indurated tuflf of hornblende-pyroxene-andesitc." 

"It looks like a finely brecciated andesite somewhat altered. 
The rock consists of a ground mass, which is microcrypto- 
crystalline, with disseminated chlorite, giving a greenish tinge 
to the rock. The crystals scattered through the ground mass, 
appearing as very small phenocrysts, are mostly plagioclase 
feldspar slightly altered and whitened. There are smaller 
crystals of pyroxene — mostly augite — and pleochroic horn- 
blende, with some magnetite. There appear to he a few crys- 
tals of quartz with glass inclusions." 

The following chemical analysis shows the composition of 

the Lilliwaup stone : 

SUica (81 OO 60.68 

Ferric iron (Fe, O.) 7.90 

Alumina (Al, Ob) 18.41 

Lime (Ca O) 8.16 

Ifagnesia (Mg O) 1.68 

Wjftter at 110" C. (H, O) 1.81 

Loss on ignition 1.88 

100.88 

The above analysis shows this tufa to have about an aver- 
age amount of silica for an andesite, the amount of iron, alu- 
mina and calcium is high, the amount of miagnesia is small, 
while the sodium and potassium are entirely absent. The 
sample if a true andesitic tufa should contain from two to 
six or seven per cent, of potash and soda together. It is pos- 
sible, however, that in this case the feldspar which occurs in 
this particular sample may be anorthite. 

Two cubes, each having two-inch faces, of this tufa from 
Lilliwaup Falls were tested to determine its crushing strength 
and as shown in Table I. they resisted a pressure of 10,300 
and 11,590 pounds to the square inch respectively. The modu- 
lus of elasticity was determined on these same samples, and 
as shown by the same table was 3,576,000 and 2,664,000 pounds 
to the square inch. These tests show this stone to have a 
crushing strength considerably below that of the granites be- 
ing quarried in Washington. 



Building and Ornamental Stones of Washington. 51 

Tests were made to show the ratio of absorption and por- 
osity of this stone, and as shown in Table II. the amount of 
water absorbed by a sample of this stone weighing 43.749 
grammes was 2.031 grammes, and the ratio of absorption was 
4.64% of 1% of the mass of the rock, while the percentage of 
pore space or porosity was found to be 11.235 of the rock. 
The specific gravity of this rock as shown by the same table 
was found to be 2.726. Tests were also made on this stone to 
determine the effect of alternate freezing and thawing each 
day for a period of twenty days and the loss in weight care- 
fully determined, and it was found that the sample had lost 
.134 of 1% of its weight. 

The stone from this locality was tested to show its ability 
to withstand high temperatures by placing a sample in a muf- 
fle furnace and heating gradually to a temperature of 800* F., 
when the sample was taken from the furnace and plunged into 
cold water and left there until it had cooled, and so far as 
could be told it had not been injured in the least. Samples 
were also heated to 1200'' F. and 1600** F., and when cooled 
were apparently uninjured. The color of the samples was 
changed by these high temperatures from a dark gray to al- 
most a brick red. This test shows that this stone has the 
property of resisting high temperatures and sudden changes 
in tenvperature extremely well. Granites from the Little Spo- 
kane river under the same conditions exactly would be com- 
pletely destroyed when the Lilliwaup stone would be unaffect- 
ed and when cold it would be as strong as it was before it 
had been heated. 

China Bend Area. 

What is known as China Bend is on the Columbia river 
119 miles north, and a short distance west, of Spokane. The 
Spokane Falls and Northern Railroad in following the river at 
this point and gives an easy way of marketing any stone that 
may be quarried here. Situated within one-half mile of the 
railway is a rock which has the appearance of a sedimentary 
deposit and which is commonly spoken of as sandstone. This 
same kind of material is also found seven miles northeast from 

4 
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Bossburg in Sec. 30, T. 38 N., R. 39 E., where the Washing- 
ton Monumental and Cut Stone Co. are intending to open up 
a quarry and have already done some work and shipped a lit- 
tle of the stone to their mill in Spokane. 

There has been some work done on this material at China 
Bend and some stone has been shipped from there to Spokane, 
but at the present time (July, 1902) no work is being done. 
This material is not, as is generally supposed, a sandstone, 
but is a tuff or tufa. The deposit is more or less bedded, the 
layers varying much in thickness. The material varies con- 
siderably in texture from that which is very fine to that which 
is quite coarse. The material is light gray in color and of 
medium hardness. The deposits are quite extensive, but the 
exact extent has not been determined. 

The following microscopical examination was made and 
the description prepared by Professor J. P. Iddings, of the 
University of Chicago : 

"The rock is a fine, indurated tuflF of dacite material. The 
section shows abundant crystals and broken fragments of 
crystals and fragments of glassy ground mass, with a slight 
admixture of what may be foreign rock material. 

The crystals are mostly plagioclase feldspar, having the 
characteristics of feldspars in volcanic lavas — glass inclusions, 
marked zonal structure, and quite fresh substance. Some of 
them have the optical properties of labradorite. No sanidine 
was identified definitely as such. It may be present in very 
small amount. There are numerous fragments of crystals of 
quartz, some with glass inclusions, some with fluid inclusions, 
as though they had been derived from fragments of granite, 
but there are evidences of the minerals in the Indurated tuff 
having been crushed, and the observed fluid inclusions may be 
secondary in volcanic quartzes. Other minerals which are 
present in very subordinate amounts are : Biotite, pyroxene, 
magnetite, minute fragments of epidote(?), titanite, pyrite, 
apatite, and zircon. Through the rock are scattered particles 
of red oxide of iron, which give a reddish color to the thin sec- 
tion not noticed in the hand specimen. The red color may 
have been brought out by heating the specimen in balsam. 
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There are patches of calcite scattered through the rock, to- 
gether with an isotropic mineral (possibly analcite). This 
is quite sporadic and possibly not worth mentioning. The 
ground mass is glass for the most part, and constitutes one- 
fourth of the rock. It is in places microcryptocrystalline, and 
in places contains a little chlorite. 

The rock is a fine grained tuflF derived from fragments of 
dacite." 

The following chemical analysis shows the composition 
of the rock from this locality : 

Silica (eU OO 66.34 

Ferric iron (Fe^ OO S.61 

Alumina (Al, O.) 18.01 

Lime (Ca O) 6.30 

Magnesia (Mg O) 0.63 

Water at 110» C. (H, O) Trace 

liOBs on ignition 1.17 

Alkalies and undetermined 6.14 

100.00 

The above analysis shows this rock to have about the aver- 
age composition of a dacite. The silica, alumina and magnesia 
are perhaps a trifle below the average, while the iron and lime 
are a little higher than is usual for a t)rpical dacite. The pot- 
ash and soda are about normal. 

Tests were made on samples of the Bossburg tufa to deter- 
mine its crushing strength, and the results are shown in Table 
I. Two cubes were tested and found to have a crushing 
strength of 7,730 and 9,300 pounds to the square inch and a 
modult^s of elasticity of 6,550,000 and 1,320,000 pounds to the 
square inch respectively. As shown in Table II., this stone 
has a specific gravity of 2.621, and a sample weighing 81.975 
grammes absorbed 6.445 grammes of water, or 7.86% of its 
entire weight. The pore space or porosity was found to be 
17.075% of the entire mass of the stone. 

Samples were tested to show the effects of freezing and 
thawing on this stone, by being saturated with water and then 
alternately frozen and thawed each day for a period of twenty 
days and the loss of weight carefully determined. As shown 
in Table TIL, the loss of weight of a sample weighing 81,975 
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grammts was .244 grammes, or .297 of i % of the mass of the 
stone. 

The stone tested from this locality to show the eflFects of 
high temperature was from the property of the Washington 
Monumental and Cut Stone Co., near Bossburg. Samples 
were placed in a muffle furnace and gradually heated to a 
temperature of 800* F., and some of them were allowed to cool 
gradually, while others were cooled suddenly by being 
plunged into cold water. In neither case were the samples in- 
jured materially so far as could be told, and they did not crum- 
ble even on the edges as the granite and sandstone did. The 
color was changed to a reddish tinge. Samples were then 
heated to temperatures of 1200 F. and 1600 F., and while in 
appearance they were not very much injured, when they were 
tested it was found that their strength was very much less 
than before being heated, and in those samples that had been 
at a temperature of idoff F. it was practically g^ne. 

From the above it will be seen that this stone does not re- 
sist heat so well as the Lilliwaup tufa, but at the same time 
it will stand heat better than the granites and some of the 
sandstones found in Washington. The color of this stone is 
more pleasing than that of most of the sandstones which occur 
in this state. The physical tests show that the stone has 
many of the qualities of a good building stone, and eventually 
as the demand for stone increases it will probably be used to 
a considerable extent. 

BASALT. 

Through all of Southeastern Washington the prevailing 
country rock is basalt, and this is used to a considerable extent 
in many places for building purposes and especially for rough 
work and for foundations. The basalt varies much in texture 
in different places, being in some cases quite coarse, while in 
others it is very fine grained and compact. Then again in 
places it is full of cavities, which range in size from those that 
are a millimeter or two in diameter to those that are as much 
as a fourth of an inch in diameter, and sometimes even more. 
Where fresh and undecayed it has a very dark, almost black, 
color. This changes on weathering to a more or less reddish 
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cast on account of the iron which it contains. When placed 
in buildings it should resist the action of the atmospheric 
agencies quite well and weather rather slowly. 

The basalt as a general thing is quite badly broken to 
pieces by joints and it is frequently very difficult to obtain 
very large blocks. The stone is quite hard, also, and this 
makes it difficult to quarry and work into dimensions after it 
is quarried. The one thing that causes it to be used as much 
as it is as present is its accessibility, as all that is necessary 
is to go out almost any place and quarry it, and on this account 
the item of transportation does not enter in to increase its 
final cost to so great an extent as it does in the case of many 
building stones. While it is true that basalt is not a first class 
building material, it will probably always be used more or less, 
for the reasons just given, through this part of Washingfton, 
especially for foundations and various kinds of rough mason- 
ry. Some very nice foundations are built out of it and the 
first story of Morrill Hall, the new chemical laboratory of the 
Washington Agricultural College and School of Science, is 
constructed of this material. 

Hale and Kem Quarry.— The Hale and Kern Contract 
Company of Portland, Oregon, operate a stone quarry at what 
is known as Fisher's Landing, ten miles above Vancouver, on 
the Columbia river. The stone being quarried at this place 
differs in color and texture from the basalt which is above and 
below it. It is much lighter colored and is a fine grained, com- 
pact stone which is quite easily worked. This stone has been 
used to a considerable extent in foundations and for bridge 
piers. The larger part of the stone so far quarried at this 
place has been used in making the jetties at the mouth of the 
Columbia river and at Gray's Harbor. The output for 1901 
was 220,000 tons. About 1,000,000 tons have been used at the 
mouth of the Columbia and about 500,000 tons at Gray's Har- 
bor. The color and texture of this rock would seem to indi- 
cate that it might be quite a valuable building material, es- 
pecially for foundations and that class of work. 
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CHAPTER IV. 
SANDSTONES OF WASHINGTON. 



Distribution. 

The sandstones of Washington are quite widely distributed 
geographically and occur in a number of the counties of the 
state. The principal deposits are found on the western side 
of the Cascade mountains. There are deposits on the eastern 
side of the range, also, and especially around Clealum and to 
the north. Building material has not been quarried, to any 
extent at least, from these deposits. In Western Washington 
sandstone occurs at many places about the borders of Puget 
Sound and to the south of it. The principal quarries are in 
Whatcom, King, Pierce and Thurston counties. Quarries 
have been operated at different times in other places and es- 
pecially on Sucia Island, in San Juan county, where quite an 
extensive quarry was being operated at one time. 

The sandstones of Washington range geologically from 
possibly as far back as Carboniferous up to very late Tertiary. 
The oldest sandstones so far known are on the east side of the 
Cascade mountains in the northern part of the state. Russell * 
in speaking these has the following to say : 

"The unmetamorphosed pre-Tertiary sediments, represent- 
ed by conglomerates, sandstones, shales, limestones, etc., em- 
braced principally in the Similkameen, Ventura and Winthrop 
formations exposed over extensive areas near the Canadian 
boundary, are believed to be in part Carboniferous, but main- 
ly of Mesozoic age. This conclusion, however, is based on a 
small number of fossils, and is tentative." 

Tertiary sandstones also are found on the east side of the 
Cascades, especially at Roslyn and Qealum. 

The coarse sandstones and conglomerates which occur on 
a number of the islands of the San Juan group are of Cretace- 
ous age. They vary considerably in color and range from 

• aatb Annaal Report U. 8. G. 8., Pmrt n., p. xa8. 
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gray to various shades of brown. On Waldron island it forms 
cliffs 200 to 300 feet high along the shore. It also occurs on 
Sucia, Matia, Spieden, Stuart and the northern part of Orcas 
island. 

Along the borders of Puget Sound and the foothills of 
the Cascades in Western Washington tertiary sandstones are 
found in many places. These tertiary sandstones arc quite 
variable in color, texture and hardness. In color they vary 
from light gray to a dark bluish or greenish, with various 
shades between these extremes. In texture they range from 
very fine to very coarse grained. The stone in general is not 
so hard that it is difficult to work, but on the other hand, is 
easily quarried and worked into almost any shapes desired. 

Tenino Area. 

Tenino Stone Quarry Company. — ^The quarry of the Teni- 
no Stone Company is in Sec. 19, T. 16 N., R. i W. The main 
line of the N. P. Ry. from Tacoma to Portland passes by the 
quarry and a short spur has beep built from the main line to 
the mill, so that cars can be run in along by the side of the 
mill and quarry and the stone loaded directly onto them from 
the quarry. The quarry and works of the company are situ- 
ated in the town of Tenino, about 12 miles south and 4 miles 
east of Olympia. The country around Tenino is a gravel prai- 
rie, with low hills rising above it, especially on the east. The 
hill in which the quarry is located is not more than 100 feet 
above the valley. 

The Tenino sandstone is a finer grained and darker colored 
stone than the Cumberland or Wilkeson stone. It is quite 
fine grained, contains some mica, is well cemented, and has 
the property of hardening after being quarried, which is a 
very valuable property of a building stone. The deposit has 
been opened in three different places by this company, two 
of which have been worked down to water level. The differ- 
ent openings are about as follows in size or dimensions: 215 
feet long, 100 feet wide, and 60 feet deep. This opening is not 
being worked at present, but is used as a reservoir. There is 
another opening 200 feet long, 100 feet wide, and 40 feet deep. 
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This is the principal one being worked at present. Still an- 
other small opening has been made higher up the hill above 
both of these, but no very large amount of stone has been 
taken from this last opening. The stone is the same from all 
of these different openings. The stone in this deposit occurs 
in a somewhat massive form, there being no marked stratifi- 
cation planes separating the stone into layers. It does have 
stratification planes which are almost horizontal, and the 
stone splits along these more readily than it does across them. 
Cross bedding is a very prominent feature of a large part of 
this deposit and shows very distinctly in the stone after it has 
been sawed. The deposit lies almost horizontal, dipping only 
a few degrees to the southwest, and this makes it easy to work. 

This company has prospected its deposit with a diamond 
drill with the following results: The stone that is being 
worked at present was found to continue for 88 feet below the 
surface ; just below this a layer 12 feet in thickness was found 
which was lighter colored and resembled very much the Cum- 
berland sandstone in color, but finer grained than either that 
or the Wilkeson stone ; at 100 feet the color was dark again ; 
at 135 feet the color is dark, but the stone is finer grained 
again and continues dark colored and fine grained to a depth 
of 200 feet, which was as deep as the company bored. From 
174 feet on down to 200 more or less clay is mixed with the 
sand. The Tenino Stone Quarry Company owns 120 acres of 
these deposits. 

The company has a very complete plant for working this 
stone and a large part of the work is done by machinery. At 
the present time (Aug., 190 1) forty men are employed, and 
in July, 1901, $4,600.00 worth of stone was shipped. During 
the busiest part of the year the shipments will probably aver- 
^g^ $4,000.00 per month and for the remainder of the year 
perhaps $2,000.00 a month. The stone is quarried by first 
getting a working floor, on which tracks are laid for the use 
of the channeling machines. The company has two of these 
machines, one of which is 4^ feet wide and the other 6^ 
feet wide. By means of the channelers large blocks of sand- 
stone are cut along two and sometimes along three sides and 
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then broken loose on the other by wedging. In this way very 
large blocks of regular sizes are obtained. These large blocks 
are hoisted from the quarry to the level of the mill by means 
of steam derricks, placed with their bedding planes vertical 
on small cars, and taken to the mill, where they are sawed 
into the various sizes wanted. The company employs from 
lo to 15 skilled stone cutters and is prepared to furnish all 
kinds of carved and ornamental work as well as plain dimen- 
sion stone. 

The mill is supplied with four gang saws for cutting the 
stone, with the following dimensions: 185^x5^ feet, 11^x8 
feet, and 12^x5^ feet. These saws are capable of cutting 
blocks 16x6x5^ feet in size. They are run at different rates 
of speed and hence the rate of cutting is different even on the 
same size blocks, some of them cutting 6 inches per hour, 
while one will cut as high as 24 inches per hour. The abrasive 
used in sawing these sandstones is coarse steel filings, which 
are fed into the grooves along with water. The saw is driven 
by a rod connected directly with the piston of a steam cylin* 
der. The power for driving the machinery is furnished by a 
55 horse power return flue boiler, and a 50 horse power Erie 
engine. There are also two large steam hoists for operating 
the derricks in handling the stone. The mill is supplied also 
with one steam polisher, which is used in finishing window 
sills and work of that character. The custom here, as in many 
other places, is to cut the stone to the proper sizes, ready to 
place in the building, and in this way save paying freight on 
waste material. 

A thin section of the sandstone from the Tenino quarries 
examined under the microscope shows that the individual 
grains, as a general thing, are angular in outline, with very 
sharp corners. The grains of sand vary considerably in size 
throughout the stone. 

This stone consists principally of fine grains of quartz, 
that have been worn and rounded but little, with occasional 
small flakes of mica scattered through the mass. The grains 
are small and are cemented together with a ferruginous cement 
which holds them quite firmly. The stone from here is finer 
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grained than the Wilkeson and Cumberland stone. There are 
a very few crystals of feldspar found in the sections examined. 
The following analysis shows the rock from this locality 
to have more iron and alumina than the Wilkeson sandstone, 
and to this fact is probably due its darker color. The amount 
of iron, however, is not large even in this sample. The com- 
position of the stone shows it to be one that should resist 
weathering well: 

SUlca (81 O,) S0.84 

Iron (Fe^ O,) 3.38 

Alumina (Al« O,) 1.86 

Um« (Ca O) 0.66 

Bfagnesia (Mk O) 1.02 

Loss on ignition 2.2 

100.08 

Cubes of the stone from the quarry having two-inch faces 
were tested to show its crushing strength and modulus of 
elasticity, and as shown in Table I. it ranged in crushing 
strength from 3,270, on edge, to 5,750 pounds to the square 
inch on bed, with a modulus of elasticity of from 551,000 to 
1,288,600 pounds to the square inch. This is a little lower 
than was obtained by the ordnance department of the United 
States army on a sample tested at the Watertown arsenal 
July 3, 1893, the result of which was 6,879 pounds to the 
square inch.* 

The Tenino stone, as shown in Table II., was found to 
have a specific gravity of 2.861, a ratio of absorption of 8.21% 
and a pore space or porosity of 18.001% of the mass of the 
stone. It showed a loss in weight, after having been alter- 
nately frozen and thawed each day for a period of twenty 
days, of .266 of 1% of its entire weight. This loss was due to 
loosening of grains on the edges and to the complete loosening 
of grains that were partly loosened in the preparation of the 
sample. 

Samples were tested to show the effects of extreme heat 
by being placed in a muffle furnace and gradually heated to a 
temperature of 8oo' F. and some of the samples were cooled 
by being taken from the furnace, and while still hot they were 

• WMhiagton Geologicml Survey, ▲nnual Report, 1901, p. x68. 
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put into cold water and allowed to remain until completely 
cooled, while others were cooled slowly. The samples that 
were cooled slowly were apparently uninjured, while those 
that were cooled quickly crumbled a little on the edges. Sam- 
ples were then heated to a temperature of 1200** F. and 1600* 
F,, and when cooled gradually did not appear to be much af- 
fected, but when tested they were found to be very much 
weakened and their strength practically destroyed. The color 
of the stone was changed to a brick red by the heat. 

The foregoing results show the Tenino stone to be below 
the average in crushing strength, to have a high ratio of ab- 
sorption, and high percentage of pore space or porosity. The 
strength of the stone, however, is ample for all building pur- 
poses. The stone is not as hard as some sandstones and yet is 
hard enough to resist wear well. The stone when first quar- 
ried is very easily worked, and as has already been mentioned, 
becomes very much harder after being exposed to the atmo- 
sphere for some time. This hardening is due principally to a 
loss of water. 

These quarries were first opened up in 1889 and since that 
time the output has been practically continuous and gradually 
increasing in amount. The stone is of Eocene age and in 
places near by coal is found. This stone has been used in 
many large buildings throughout the state and in Oregon and 
California as well. It is used not only as a finishing material, 
but as the principal material of construction also. It is being 
used in the addition to the State Capitol now being built, and 
has been used in such structures as the Bailey building in Se- 
attle, the Calvary Presbyterian Church in San Francisco, and 
some of the principal business blocks in the larger coast cities. 
The fineness of the grain of this stone and the ease with which 
it may be cut make it a very superior stone for all kinds of 
carved work where sandstone is used. 

Eureka Sandstone Company. — ^The property of this com- 
pany is one mile east and a little north of Tenino. The cjuarry 
is reached by a spur of the Northern Pacific Railway which 
leaves the main line a short distance east of Tenino. 

The stone is practically the same as that being quarried 
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at Tenino, except that perhaps it contains more iron nodules 
and sand pockets. These sand pockets, as they are called, 
are places where there are masses of loose or unconsolidated 
sand, and they vary in size and shape from small, spherical 
masses up to those three and four inches in diameter ; others, 
again, are irregular in shape. The hill in which the quarry is 
located rises about 150 feet above Tenino. The deposits here 
show very little signs of stratification. This quarry is not be- 
ing operated at the present time (July, 1901) and has not been 
for the past eight years. At one time, however, a large force 
of men was employed and the quarry worked in a very system- 
atic way. A large part of the stone quarried here has been 
used by the N. P. Ry. for bridges, but some building stone 
also has been shipped from this place. The quarry at the time 
it was closed down had a working floor 100x200 feet and a ver- 
tical face 50 feet high' and 200 feet long. 

The stone for some distance below the surface is of rather 
poor quality, but improves with depth. This poorer stone was 
crushed and used in concrete foundations for building and for 
bridge piers. 

The quarry was well supplied with machinery for operat- 
ing it economically, and most of it has been well cared for 
since the quarry was closed. In the mill are three gang saws 
for sawing the stone, and a 40 H. P. Atlas engine and boiler 
furnished the power for driving them. In the yard are power- 
ful derricks and a hoisting engine for handling the stone. Two 
channelers were used in the quarry and at present are stored 
in the mill. 

The buildings are in good condition, eversrthing is being 
well cared for, and quarrying could be begun at any time 
without the expending of very much money. 

Bbllincham Bay Area. 

Chuckanut Quarries.— These quarries are about three 
miles south of Fairhaven and are in Sees. 13 and 24, T. 37 N., 
R. 2 E. The quarry is situated on the water front on Chuck- 
anut Bay and extends for a distance of iJ4 miles along the 
bay. The harbor is said to be a good one and the stone is 
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easily loaded direct from the quarry yard to barges or boats. 
The quarry is well situated for very cheap transportation, es- 
pecially to all points on Puget Sound. The Great Northern 
Railroad passes through the quarry yard and this gives an- 
other means of transportation for the stone. 

The Chuckanut sandstone is a fine grained, dark colored, 
well cemented stone. The deposit that has been worked here 
is about 40 feet thick, and below this a shale occurs the thick-^ 
ness of which is not known, as it has not been prospected. The 
strike of the deposit is N. 10* W. The stone is broken down 
in large masses by blasting and then worked into dimension 
stone by wedging and sawing. Three distinct grades of stone 
are found in this deposit, two of which are due simply to the 
size of the sand grains which have been cemented together, 
while the third i^ known as flagging stone on account of the 
fact that it splits easily in certain directions, giving good flag- 
ging blocks. This stone is somewhat harder than the Tenino 
stone, but at the same time it is not so hard but that it is easi- 
ly worked. 

Tests made by the Ordnance Department, U. S, A., show 
the stone to have an ultimate strength of from 10,276 to 12,790 
pounds to the square inch. 

There is a medium sized mill connected with the quarry in 
which are two gang saws 14 feet by 7 feet. The power for 
driving these saws is furnished by a 40 horse power boiler and 
engine. The quarry is also supplied with steam hoist and der- 
ricks for handling the stone in the yard. 

Sections of the sandstone from Chuckanut examined un- 
der the microscope show it to be composed essentially of small 
grains of quartz and that these grains are very angular and 
sharp cornered, having been rounded but little as a genertl 
thing. The individual sand grains vary but little in size, are 
a little smaller and perhaps a little less rounded than those of 
the Tenino stone. 

The small grains of silica in this sandstone are quite firmly 
bound together by a ferruginous cement. There arc two 
grades of stone quarried here as far as texture is concerned, 
the coarser being about the same, or perhaps a little coarser 
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than the Tenino stone, while the other is much finer. This 
very fine texture or grain of the Chuckanut stone makes it a 
very good stone for carved and ornamental work, giving good, 
sharp edges and perfect outlines. 

The following chemical analysis shows the Chuckanut 

stone to have practically the same chemical composition as the 

Tenino stone : 

SiUca (81 OJ 90.19 

Iron (Fe^ 0«) 8.60 

Alumina (Al. O.) 1.9S 

UmB (Oa O) 0.59 

Biagneela (Mg O) 1.7» 

LfOn on Ignition 2.8S 

100.80 

In the preparation of this report samples of the Chuckanut 
sandstone were tested to determine its crushing strength and 
modulus of elasticity and the results are shown in Table I. 
The samples which were tested on the bed — that is, where the 
pressure was perpendicular to the bedding planes — showed a 
crushing strength of 10,740 and 11,070 pounds to the square 
inch, while the one tested on the edge — that is, where the pres- 
sure is parallel to the stratification planes — showed a crushing 
strengfth of 5,340 pounds to the square inch. The modulus of 
elasticity of the samples tested on the bed was 1,517,000 and 
1,158,000 pounds to the square inch, and of the one on the edge 
87i>500 pounds to the square inch. 

Samples of this stone were alternately frozen and thawed 
each day for a period of twenty days and the loss in weight of 
the samples carefully determined, and as shown in Table III, 
the loss in weight was .076 of i % of the entire weight of the 
sample. The stone has a specific gravity, as shown in Table 
II., of 2.727, and a sample weighing 65.168 grammes absorbed 
2*927 grammes of water, or 4.47% of the weight of the sample, 
and the percentage of pore space or porosity is 10.91% of the 
entire mass of the stone. 

Samples were tested to show the effects of extreme heat 
and sudden cooling by placing them in a muffle furnace and 
gradually heating them to a temperature of 800° F. Some of 
the samples were cooled suddenly by being taken from the 
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furnace and while at a temperature of &»* they were put into 
cold water and allowed to remain until cooled, and they were 
apparently unaffected by this sudden change even, as the sam- 
ples would not crumble even on the edges, as the samples from 
the other localities did. Samples were also heated to temper- 
atures of 1200'' F. and idoc!* F. and allowed to cool in the open 
air and the samples then tested, and it was found that the 
strength of the samples that had been at a temperature of 
1600* F. was somewhat weakened. The weakening was prin- 
cipally along the bedding planes, however, and caused the 
samples to split along these planes more readily than before 
being heated, but it did not cause them to crumble. The sam- 
ples that were heated to 1200"* F. and then cooled were appar- 
ently uninjured and appeared to be as strong as they were be- 
fore being heated. The color was changed by the heat to a 
dark red. 

The first stone quarried around Chuckanut Bay was in the 
early seventies and for a number of years the quarries weris 
not operated continuously, but at intervals when orders for 
stone were received. The last few years, however, the quar- 
ries have been operated on a larger scale, and at the present 
time stone from here is being used in a number of new build- 
ings that are being. constructed in Seattle. This stone has 
been used in such buildings as the U. S. Custom House, Port 
Townsend; U. S. Custom House, Portland, Oregon; Dexter 
Horton building, Seattle ; Thurston county courthouse, Olym- 
pia; and many other of the important buildings in the larger 
cities of Washington. 

CUMBBRLAND ArBA. 

Eureka Coal Company. — ^The quarry of the Eureka Coal 
Company is situated at Cumiberland, a station on the main 
line of the N. P. Ry., and is about 24 miles due east from 
Tacoma, being in Sec. 28, T. 21 N., R. 7 E. It is in the foot- 
hills of the Cascade mountains and some of the ridges and 
peaks rise to a considerable distance above sea level. This 
company also owns and operates coal mines at this place. The 
quarry was situated on the western side of a high sandstone 
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hill and was reached from the main line of the railroad by a 
short spur and gravity tram. 

At one time the Eureka deposit was worked quite exten- 
sively, but seven years ago it closed down and nothing has 
been done since. At the time the Eureka quarry was being 
worked a large part of the stone was being used in Seattle for 
building purposes. The principal cause for closing the quarry 
was the very high freight rate charged on the stone.* At the 
time the quarry was in full operation a large force of men 
was employed. 

The stone from this quarry is a light colored, medium 
grained, quite firmly cemented sandstone in which the cement- 
ing material appears to be principally silica. In general the 
stone is quite free from iron and of a uniform color and tex- 
ture. In places, however, small seams of carbonaceous ma- 
terial are found, and occasionally iron nodules occur in the 
stone. There is a vertical face 250 feet high shown at this 
place and the quantity of stone is practically unlimited. 

An examination under the microscope of thin sections of 
the sandstone from this area shows that it is composed of 
medium sized grains of silica. 

The stone consists essentially of grains of quartz with 
some muscovite scattered through it. The cementing material 
is quartz. The grains of quartz are not, as a rule, very much 
rounded, but instead are angular and sharp cornered and are 
quite firmfy bound together. Small flakes of muscovite are 
quite common and generally distributed through the rock. 

The following chemical analysis shows the rock to be prac- 
tically free from all substances that have a tendency to disin- 
tegrate rapidly and injure the stone : 

Silica (Si O.) 95.66 

Iron (Feb O,) 0.90 

Alumina (Al, O.) 0.06 

Ume (Ca O) 0.66 

Magnesia (Mg O) 0.22 

liosa on Ignition 1.54 

100.02 

Samples of the sandstone from the Eureka quarries were 
tested for crushing strength and the results of these tests are 
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shawn in Table I. They showed a strength of 3,520 and 3,280 
pounds to the square inch and the molulus of elasticity was 
712,100 pounds to the square inch. The strength of the Eure- 
ka stone as shown by these tests is below the average for 
sandstone, but I think probably these results do not show the 
average strength of this stone, as the quarry was not in oper- 
ation at the time I visited the locality and it was hard to ob- 
tain good, fresh samples of the stone. 

Samples were tested to see what the effect of freezing and 
thawing would be and the loss of weight is shown in Table 
III. These samples were alternately frozen and thawed each 
day for a period of twenty days, and at the end of the time the 
toss of weight of the sample of Eureka stone was .313 grams 
or .635 of I % of the weight of the sample. 

The stone has a specific gravity of 2,628, as shown in Table 
II. As shown by the same table the ratio of absorption is 
5.36%, while the percentage of pore space or porosity of the 
stone is 12.355%. 

Tests were made on this stone to show the effect of ex- 
treme heat and sudden changes of temperature. Samples were 
placed in a muffle furnace and gradually heated to a tempera- 
ture of 800* F. Some of the samples were taken from the fur- 
nace and cooled suddenly by being put into cold water, and 
when cold the samples were tested as regards strength and 
crumbled on the edges only. The samples that were allo^d 
to cool gradually were apparently but little affected. Sam- 
ples were next heated to a temperature of 1200* F. and then to 
1600* F., and in each case allowed to cool gradually in the 
open air. The samples after having cooled from a temperature 
of 1200* were apparently almost as strong as before. No 
cracks were visible and the samples crumbled but little on the 
edges even. After having been heated to 1600* and cooled 
the stone was considerably weakened, but the strength was 
not entirely gone, as it was in the case of the granites. The 
color was practically unchanged. The samples when scratched 
or struck with anything, after being heated, gave off a sound 
similar to that of a brick. 
• 
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WiLKESON Area. 

Northern Pacific Railway Quarry.— The quarry of the N. 
P. Ry. Company is in Sec. 27, T. 19 N., R. 6 K The quarry 
is about twenty-two miles east and ten miles south of Tacoma 
and is on a branch line of the N. P. that leaves the main line 
at Cascade Junction and terminates at Wilkeson. The hill in 
which the quarry is situated is about 1200 feet above sea level 
or 300 feet above the town of Wilkeson. At two other places 
in this district quarries have been operated in the past, but at 
present nothing is being done in either of them. They arc 
each of them in the same formation as the present quarry and 
were abandoned principally on account of the fact that the 
stone was quarried by blasting, and the quarries were right in 
the town and the operation of them was dangerous, so the 
company went farther up the stream ibove the town and 
opened up a new quarry. 

The stone from this quarry is a light colored coarse 
grained sandstone the cementing material of which is quartz. 
The stone here dips to the east at an angle of 60*. The face of 
the present quarry is 200 feet high and 100 feet long and con- 
tains three grades of stone. There is an upper and lower 
ledge having an average thickness of twenty feet each, which 
is good building stone, while the layer, which is twenty feet 
thick, between the two is not so good for building purposes. 
The N. P. did not get out building stone except for its own 
use. Some dimension stone is being quarried at the present 
time (Aug., 1901), but most of the stone shipped from here 
is for use along the road. The company is working fourteen 
men and shipping fifteen cars a month, which is a much smal- 
ler number than wias being worked a year ago, when they were 
shipping 150 cars a month. These quarries have been 
leased at different times to private individuals and considera- 
ble building stone quarried. 

Situated near here are a number of other deposits of good 
sandstone which are easy of access and well situated for easy 
quarrying. 

An examination under the microscope of thin sections of 
the sandstone from this section shows it to be a little coarser 
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than that from the Cumberland area. There are in the N. P. 
quarry two layers suitable for building purposes which are 
very similar, except that the upper layer is a little coarser 
grained than the lower. 

This sandstone consists of grains of quartz that have not 
been entirely rounded, some of them at least being quite angu- 
lar. The cemienting material is quartz and the grains are not 
held very firmly together by it. The rock contains some light 
colored mica disseminated through it in very small scales. 
There are also occasional grains of feldspar scattered through 
the mass. The grains of quartz are of quite a uniform size. 

The following analysis shows the rock to be practically 
free from those substances that have a tendency to disinte- 
grate rapidly and thus cause the stone to decay : 

SlUoa (SI O.) 98.06 

Iron (F^i O.) 0.89 

Alumina (Al, O.) 0.07 

Ldme (Ca O) 0.22 

ICagneiBla (Mg O) 0.12 

LoM on Ignition 0.76 

100.12 

Samples of the sandstone from both the upper and lower 
ledges of the Wilkeson quarry were tested to determine the 
crushing strength, and, as shown in Table I., the following re- 
sults were obtained : The samples from the upper layer had a 
crushing strength of 7,680 and 7,160 pounds to the square inch 
respectively, while those from the lower layer showed a crush- 
ing strength of 10,840 and 9,180 pounds to the square inch. 
The stone from the two layers has practically the same speci- 
fic gravity, that from the upper one being 2.649, while that 
from the lower layer is 2.652. 

The stone from the different layers was found to differ 
slightly in its ratio of absorption and porosity, as is shown in 
Table II., that from the upper layer having a ration of absorp- 
tion of 4.13% and a pore space or porosity equal to 10.125% of 
its mass, while that from the lower layer has a ratio of absorp- 
tion of 4.31% and a pore space or porosity equal to 10.027% ot 
the mass of the stone. 
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The results of freezing and thawing tests made on samples 
of stone from the Wilkeson quarry are shown in Table III. 
Samples from both the upper and the lower layer were alter- 
nately frozen and thawed each day for a period of twenty 
days, and at the end of that time the loss in weight of the 
sample from the upper ledge was found to be .093 of 1% and 
that from the lower layer was .218 of 1% of the mass of the 
sample. 

Samples were placed in a mtifflle furnace and gradually 
heated to a temperature of 800* F. and some of them cooled 
gradually, while others were cooled suddenly by being taken 
from the furnace and plunged into cold water and allowed to 
remain until cooled. The samples that were cooled suddenly 
crumbled on the corners and edges while those that were al- 
lowed to cool gradually were but little injured. Samples 
were then heated to 1,600" F., cooled gradually and while they 
did not crumble readily at the same time they were very much 
weakened and when struck with a hammer broke very easily. 
The color of all these samples from the Wilkeson quarry re- 
mained unchanged. This stone did not stand the sudden 
changes as well as the tufas did. 

Fairfax Area. 

Fairfax Quarry — Fairfax is six miles almost due south of 
Wilkeson. The quarry is in section 22, T. 18 N., R. 6 E. and 
is about one and one-half miles down the Carbon river from 
the coal mining camp of Fairfax. The quarry here is operated 
by the Fairfax Coal Company. 

The sandstone quarried here is a light colored, fine grained 
and well cemented stone. It contains considerable muscovite 
and biotite a!hd the stone is apparently quite free from iron. 

The quarry at present is no feet long and has a face 
that would average 20 feet in height. The line of strike is N. 
15* W. and dip 65° W. The stone quarried at present (July, 
1901,) is being used by the Fairfax Coal Company for founda- 
tions for extensive coke ovens which they are building. I 
think no building stone has ever been quarried at this place. 
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This stx>ne when first quarried is quite soft but hardens on 
being exposed to the atmosphere. 

The microscopical examination of the sandstone from Fair- 
fax shows that it is composed essentially of grains of quartz 
which as a general thing are clear and transparent and range 
in diameter from one-tenth of a millimeter to as much as one 
and one-tenth millimeters. There i? in addition to the quartz 
grains quite a considerable amount of mica both the light 
and the dark colored in very small flakes disseminated through 
the stone. The cementing material is a light colored silica 
which holds the grains quite firmly together. Most of the 
grains are well worn and rounded. The stone has about the 
same color as the Wilkeson stone but has a little finer texture. 

Stuart Island Area. 

Stuart Island is one of the small islands in San Juan 
County and is about five miles north and two east of San Juan 
Island. The sandstones on this island have been quarried 
at three different places around Reed's Harbor. Two open- 
ings have been made on the north side of the harbor and con- 
siderable stone quarried, while a single small opening has been 
made on the south side. The stone varies very much in tex- 
ture ranging from a fine grained sandstone up to a conglom- 
erate in which the pebbles are as much as four inches in 
diameter. The color is dark and the stone is hard and well 
cemented. 

The microscope shows the sandstone on Stuart Island to 
be composed essentially of medium sized to very coarse grains 
of quartz. The texture of the best stone from this locality is 
about the same as that of the Chuckanut stone, while the color 
is a little darker even than that of the Tenino stone. The 
cementing material is silica and iron. The individual grains 
of quartz are well rounded as a general thing in the stone from 
here. The stone from the south side of the harbor is harder 
than that from the north side. 

As shown in Table I. this stone has a crushing strength of 
8,900 pounds to the square inch. As shown in Table II. it 
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has a specific gravity of 2,724, a ratio of absorption of 1.82^^ 
and a pore space or porosity of 1.736% of its entire mass. 

A sample was tested to show the effect of freezing and 
thawing by being alternately frozen and thawed for a period 
of twenty days and the loss in weight as shown in Table III. 
was .014 of 1% of the weight of the sample. A sample was 
placed in a muffle furnace and gradually heated to a tempera- 
ture of Soo"" F. and cooled by being taken from the furnace 
while at this temperature and put into cold water. The 
sample was not cracked and so far as could be told was but 
slightly injured. Samples were then heated to temperatures 
of 1,200* F. and i,6oo* F. and allowed to cool gradually. While 
these samples did not show any signs of cracks their strength 
was much less than before they were heated to these high 
temperatures. The color was changed to a light brick red. 

SuciA Island Arba. 

Sucia Island is a small island, three miles due north of East 
Sound, in San Juan County. The sandstones occurring on this 
island have been quarried at two different places and consid- 
erable stone shipped from here. The stone is of a dark color, 
medium grained, and appears to be well cemented. The 
quarry was worked entirely by hand with the exception per- 
haps of a steam derrick or two for handling the stone. The 
stone from the quarry on this island was used in building the 
dry dock at Bremerton and as the stone had to be of exact 
sizes, to be accepted, there was a large amount of it rejected 
because it did not quite meet the requirements in dimensions 
and a large amount of good stone is still piled up in the quarry 
yard. 

An examination under the microscope of a thin section of 
the sandstone from this locality shows that the grains of 
quartz composing it range in size from quite small, one-fifth 
of a millimeter in diameter, up to those that are as much as 
one millimeter in diameter. The larger part of the quartz 
grains are well rounded but occasionally one is found that has 
quite sharp comers. 

The sandstone from Sucia Island is composed of clear 
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glassy grains of quartz together with quite a good many large 

dark colored flinty looking quartz grains and an occasional 

flake of black mica* These grains are held flrmly together by 

a cement of silica which has somewhat of a greenish color. 

The color of the stone, however, is lighter than that of the 

Chuckanut or Tenino stone, and the green shows but very 

little. 

The following chemical analysis shows this sandstone to 

have practically the same composition as the Chuckanut stone. 

SUica (SI O,) 90.21 

Iron (Feft O,) « 8.64 

Alumina (Al, OJ 1.9S 

Ldme (Ca O) 0.72 

Magneala (Mg O) 0.81 

Loss on igaitlon 2.42 

89.78 

Samples of this stone were tested to determine ratio of 
absorption, percentage of pore space, and specific gravity and 
the results are shown in Table II. It has a specific gravity of 
2.642, a sample weighing 59.757 grams absorbed 1.798 grams 
of water or 2.92 per cent, of its weight, and had a pore space 
or porosity of 7.364 per cent, of its entire mass. As shown 
in the same chapter, Table III., it lost in weight by being al- 
ternately frozen and thawed each day for a period of twenty 
days .18 grams on a sample weighing 59.737 grams, which is 
.058 of I per cent, of its weight. 

Samples were heated to 800**, 1,200**, and 1,600** F. and some 
of them cooled suddenly, while others were cooled slowly. 
The samples at a temperature of 800** F. appeared to be but 
little affected, both those that were cooled suddenly and those 
that were cooled slowly. Those that were heated to higher 
temperatures, however, were much injured. On the surface 
they appeared sound but when tested they were found to 
break very readily and their strength was practically gone. 
The samples were changed in color so that they had a slightly 
reddish cast. 

Conclusions. 

The sandstones of Washington when compared with those 
being used for building purposes quarried in other parts of the 
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United States are found with one exception, that of the 
Chuckanut stone, to be below the average in crushing strength. 
As shown in Table II. the specific gravity is above the aver- 
age, while the ratio of absorption is about an average. The 
percentage of pore space in some of the Washington sand' 
stones is high but in most of them it is not excessive. The 
sandstones of this state withstand high temperaures well and 
in some cases are being used very successfully in place of fire 
brick. 
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CHAPTER V. 

MARBLE AND SERPENTINE DEPOSITS OF WASH- 
INGTON* 



INTRODUCTION. 

The term marble, in general, is used very loosely and is a 
commercial rather than a scientific term. By many it is made 
to include all limestones which will receive a polish, while 
by others only those limestones that are capable of being 
polished are suitable for ornamental purposes are considered 
as being marble. 

Merrill * in speaking of marble gives the following: "Under 
the head of marbles there are here included all those rock 
consisting essentially of carbonate of lime (limestone) or car- 
bonate of lime and magnesia (magnesian limestone and dolo- 
mite) that are susceptible of receiving a good polish and 
are suitable for ornamental work." 

The term marble is also applied by some persons to orna- 
mental stones which have a different mineralogical composi- 
tion from the limestones. This, however, is not common. 

Others again are inclined to restrict the use of the term 
marble to metamorphoised limestones. R. S. Tarrf has the 
following to say: "When a limestone has been metamor- 
phosed, the carbonate of lime becomes altered to crystalline 
calcite, and the impurities gather together either in bands of 
different colors or in bunches of various minerals. This 
results in the formation of true marble, which should very 
properly be separated commercially from ordinary limestone, 
since it is metamorphosed and crystalline, and being capable 
of a high polish, serves for purposes for which ordinary lime- 
stone cannot be used. But under the term marble, in its 
commercial sense, is included many non-crystaltine Kme- 

• StOBCt for Building and Decormtion, pp. 83 and 84. 
t Beononle Geology of Uie U. 8., p. 377. 
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stones, which by polishing, show either banding or some de- 
sired color, such as black. Consequently marble in its com- 
mercial significance is made to include stone which is not 
true marble." 

There are many varieties of marble, the variation being 
principally in color and due in most cases to a variation in kind 
or amount of impurities, or both, which occur in it. 

Marble is found in a number of places in Washington but 
the principal deposits are in Stevens county. Marble, how- 
ever, is found in the Snoqualmie Pass region of the Cascade 
mountains and to the north of there in some few places. The 
amount, however, so far as known is not very great. In 
Stevens county the deposits are quite numerous and in many 
cases very large. At the present time western Washington 
is not producing any marble and but very little is known to 
occur in that part of the state. 

MBTAMORPHISM* 

Metamorphism is the pTX>cess by which certain rocks have 
been changed from their original condition or the condition 
under which they existed when first formed. This change may 
result in the formation of new minerals, a change in texture, 
or simply a rearrangement of the minerals. Prestwich ♦ 
defines metamorphism as follows: 

Metamorphism is the molecular and structural change in 
the strata of the sedimentary series, or in the rocks of igneous 
origin, whereby they have undergone a transformation in 
the chemical combination of their elements, in mineral con- 
stituents, and in structure so that their original condition has 
been more or less modified and altered, and their characters 
disguised." 

While in a certain sense this might include almost all sed- 
imentary rocks as but few have retained their original condi- 
tion, except having been hardened or having the grains ce- 
mented together, the term is, however, used only to include 
those greater chemical and mineral changes which have been 

^ Geology, Chemical, Phytk«l and Stratlgrapbical, Vol. I, p. 397. 
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brought about by the combined action of hea/t; moisture and 
pressure. * 

Metamorphism is of two kinds, as regards the area affect- 
ed, as follows : Local or contact metamorphism and regional 
metamorphism. Local metamorphism as the term implies 
has not affected any very large areas and is usually found 
where igneous rocks in the form of dykes have been forced up 
into the sedimentary rocks such as sandstones and limestones 
and chatnged them to quairtzite and marble. The conditions 
under which this eruptive material has been forced into these 
other rocks have varied more or less in different localities and 
on this account the metamorphism has varied, in some cases 
the change being but very slight and extending only a short 
distance from the eruptive material, while in other cases the 
change has been very great and widespread extending for con- 
siderable distances on either side of the eruptive mass. 

If strata which have been invaded by igneous rock should 
be examined carefully we would find the metamorphism 
growing less and less as we went away from the contact until 
finally it would cease entirely, and if the strata should be lime- 
stone near the contact we might find crystalline marbles and 
as we went aiway from the contact there would be less and less 
change until the marble would finally grade into ordinary 
limestone. ' "^" T^T^ 

Regional metamorphism affects much larger areas than 
does local and implies the changing and reconstructing of 
rock for very large areas, sometimes thousands of square 
miles, even, being affected. Such widespread changes could 
hardly be produced by the same causes that produced local 
meHamorphism and consequently others must have been pres- 
ent also. The first step in metamorphism is probably a hard- 
ening of the strata and this may be due to either of the two 
agencies which Scott f designates as compression and pres- 
sure or by both of them acting together. 

Different theories have been advanced at different times 
to account for metamorphism, but at the present time it is 

t Xatrodnctloa to Geology, p. mi. 
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pretty generally admitted that heat, moisture and pressure 
have been very important factors in bringing about the change 
that has occurred to produce these metamorphic rocks. 

The reason for believing that heat has been an important 
factor in regional metamorphism is the fact that the results 
are very similar to local metamorphism. Then again many 
successful attempts have been made to imitate metamorphism 
experimentally and in all of these heat has been used. It is, 
hovrever, not probable that in all cases very high temperatures 
were necessary to produce metamorphism. This heat has 
been accounted for in different way^ by different persons. 
Dana* in discussing this subject gives the following: 

"Regional metamorphic rocks are upturned rocks subjected 
to the faulting, crushing, and flexing attending mountain- 
making. Hence they are rocks which have been subjected to 
pressure and movement on a vast scale, and thereby to heat 
just where it was needed for metamorphic work. Mountain- 
making movements might be so slow that the heat would be- 
come mostly dissipated instead of accumtilating. But the 
rocks upturned were generally 10,000 to 30,000 feet thick or 
more, and great pressure and high temperatures should be ex- 
pected from movements so vast over regions extending some- 
times a thousand miles in length. 

"The heat for metamorphism appealed to is heat of a dyna- 
mical source, and the conditions are those that will produce 
its maximum effects/' 

Pressure appears to have been necessary in order to pro- 
duce certain results found in the metamorphic rocks. Lime- 
stones even at low temperatures under ordinary conditions 
lose their carbon dioxide. Under heavy rock pressure this 
loss would not take place as has been shown by experiments, 
it having been melted under pressure without decomposition. 

Scott t attributes regional metamoq>hism' largely to 
compression and says that "to it are due the structures of 
cleavage, fissility, and schistosity, as well as the reconstruc- 
tion and crystallization of mineral particles. This is dynamic 

* Mannml of Geology, p. 333. 

t An Introductioti to Geology, p. 991. 
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metamorphism, but heat is probably a common accessory in 
this method of change also." 

The rocks of the earth's crust contain more or less moisture 
which under high rock pressure would be retained and become 
a very important factor in metamorphism. It has been shown 
experimentally by diflferent persons that water at 400** C. will 
reduce to a pasty condition nearly all ordinary rocks. More- 
over the amount of water necessary to produce this result, Le 
Gwite says, is not large — only five to ten per cent.* This 
being true the included water of sediments is sufficient. 

Danaf in discussing the presence of moisture gives the 
following : 

"All rocks are permeated by moisture, and this perm^eaiting 
moisture is sufficient for all metamorphic results. If 2.67 per 
cent., which is less than the average, the amount would cor- 
respond to two quarts of water for each cubic foot of rock. 
At one per cent, it would be one pound, and, therefore, one 
pint of water to 100 pounds or two-thirds of a cubic foot of 
rock ; and, since a pint contains 29 cubic inches of water, this 
amount would afford, at the ordinary pressure, nearly 45 
cubic feet of steam to the cubic foot of rock. There is no 
doubt, therefore, about enough moisture. 

"The distribution of heat through rocks without moisture 
is impossible ; for heat travels but a short way into dry rock. 
A thickness of two or three feet is sufficient to confine nearly 
all the heat of the hottest furnace, and will make it safe to 
walk over liquid lavas. But let the walls of the furnace be 
wet, and the heat will go through with a rush, for the water 
becomes steam." 

While it would appear that all of the agencies named above 
are important factors in producing metamorphism it is prob- 
ably true that, in many cases at least, some one of these agen- 
cies has been the predominating one and the others may have 
been absent almost entirely. 

The marbles of Stevens county occur in a district where 
the rocks are mostly metamorphic rocks and where great dis- 



• Blemciita of Geology, p. ^i. 

t ManoAl of Geology, i>p. 3x1 and 3x3. 
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turbances have taken place. The miarbles vary in texture 
from those that are very fine and compact to those that are 
quite coarse. The composition of these marbles, as shown by 
the analyses given in Table V., varies from an almost pure 
calcium carbonate to an almost pure magnesium carbonate 
with all grades between. Most of the Stevens county marbles 
contain more or less magnesia. With our present knowledge 
of these marbles it is not possible to throw very much light on 
their origin. So far no evidence has been found of dolomotiza- 
tion, or replacement of calcium carbonate by magnesium car- 
bonate, and at present it is not possible, however, to say how 
these deposits of magnesium carbonate have been formed as 
there is not evidence, sujch as is usually given, to show that 
they have been deposited by chemical action. 

The Stevens county marbles are the products of meta- 
morphism which was probably due, mainly at least, to heat, 
moisture and pressure. The heat was probably due partlj 
to the disturbance of the strata which produced the tilting 
and folding and partly to heat from the interior furnished 
by the igneous rocks that axe found in places beneath the 
marbles. In places later deposits are found lying on the mar- 
bles and these would insure rock pressure and this would pre- 
vent the escape of the carbon dioxide. 

USES OF MARBLE. 

Marble, being a calcium carbonate the same as ordinary 
limestones, is subject to all the uses for which ordinary lime- 
stone is suitable and in addition has special uses of its own, 
the miost important of these being for outside building, in- 
terior, decorative, and ornamental purposes, monuments, and 
tombstones. 

Outside Building Purposes. — Marble is not so generally 
used for this purpose as granite, limestone, and sandstone. 
There are several reasons for this, the principal ones of which 
are cost and the fact that good marble is less widely distribu- 
ted geographically than the granite, limestone, and sandstone. 
The demand, however, for marble for this purpose is slowly 
increasing and many of our leading cities, and especially those 
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situated neau* good marble quarries, have not only their pub- 
He buildingB, "whlich are built in whole or in part of marble, 
but also many private buildings which are built of this ma- 
terial. This is especially true of such cities as Washington, 
Baltimore, Philadelphia, and New York on account of their 
nearness to good marble deposits. 

The amount of marble quarried in the United States and 
sold for outside building purposes in 1896 was valued at 
$i>036,i63,* while in 1901 the amount sold for the same pur- 
pose was valued ait $1,236,023 f or an increase for the five 
years of $199,860. 

Interior Decoration in Buildings. — Marble has been used 
for decorative purposes since very early in the history of civ- 
ilization. The Romans used very extensively the Italian mar- 
ble as well as that of other countries in decorating the palaces 
of ancient Greece and Rome. In the United States marble is 
used to a considerable extent at the present time for decora- 
tive purposes such as wainscoting, columns, tiles, staircases, 
mantels, fireplaces, and carved work of various kinds. Some 
of the colored marbles of Washington would furnish some 
very handsome material for this kind of work. Marble is be- 
ing used very extensively for tiling and is a very superior 
material for this purpose. The floors in the corridors and halls 
of many public and private buildings are made of marble til- 
ing. It is being used very extensively also in the larger cities 
to furnish the entrance to many of the prominent buildings, 
and in many cases it has taken the place of wood for wains- 
coting, for which purpose any of the different varieties may 
be used. 

The amount of marble being used for interior decoration 
in the United States is gradually increasing and in the last 
four years the value of that produced for this purpose has 
almost doubled, having been $576,983 in 1897 while in 1901 
it was $1,008482, or an increase of $431 499. t 

Cemetery Work (monuments and tombstones). — Marble 
is still the principal stone that is being used for this purpose. 

• BlghteeaUi Annual Report U. S. O. S., Psrt V. (continued), p. 975. 
t Bfineral Resources of the United States, 190X, U. S. O. S., p. 666. 
X Mineral Reaonrcet of the United Statea, 1901, U. 8. 0. 8., p. 669. 
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The amount of granite, however, that is being used for monu- 
mental purposes is constantly growing and in 1901 the amount 
produced for this purpose alone was valued at $iw*67.557»* 
while the value of the marble produced in the United States 
for the same year and used for monuments and tombstones was 
valued at $1,948,892,! or $481,335 more than the granite. 

The white and clouded gray and bluish marbles have been 
used much more extensively for this purpose than have the 
highly colored ones. On the other hand the more highly col- 
ored granites such as the Scotch granite have been used more 
extensively for monumental work than the light colored ones. 
This being the case there is no reason so far as I can see why 
the more highly colored marble should not come into more 
general use for this kind of work and especially the best 
grades of the colored marbles at any rate. , 

Minor Uses. — ^There are a number of minor uses to which 
marble is especially well adapted, such as counters, sideboards, 
soda fountains, table and wash stand tops. While any of the 
different grades of marble may be used for these purposes 
the whites and white clouded from Italy, Vermont and Geor- 
gia have in the past been used more than any other kind. 
This, however, has been changing somewhat in the past few 
years and more colored miarble is being used for these pur- 
poses and some of the colored marbles of Washington will 
undoubtedly prove to be very fine material for this kind of 
work and in the near future should be used quite extensively. 

A certain amount of marble is used for statuary purposes. 
This, however, is not large and most of that used in the United 
States is imported. Some statutary marble has been quarried 
in Vermont, but the amount is small. The supply of good 
statuary marble is not large and does not equal the demand. 

Mr. Ruskin says "statuary marble is neither hard, brittle, 
flaKy, nor splintery, but uniform and delicately — yet not ig- 
nobly — soft ; soft enough to allow the sculptor to work it with- 
out force, and to. trace on it the finest lines of finished form; 
yet hard enough not to betray the touch, or crumble beneath 

• Mineral Resources of Uie United States, 1901, U. 8. G. S., p. 65s* 
tlMd.p.666 
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the chisel. Furthermore the stone should have a pure white 
color free from flaws or imperfections of any kind.* 

Marble Ptoductioa in the United States. — ^The amount of 
marble produced in the United States for the year 1901 was 
valued at $4,965,699. The leading marble producing states 
awe Vermont, whtch for the same period produced marble val- 
ued at $2,753,583 or more than half of the entire output, Geor- 
gia with a production valued at $936,549, and Tennessee with 
an output valued at $494,637.! 

There are a number of other states that produce some mar- 
ble, but the amtount is small. Washington is given credit by 
the same authority for having produced in 1901 marble valued 
at $22,816. 

STBVBNS COUNTY. 

Stevens county is situated in the extreme northeastern 
part of the state. It has an average length, north and south, 
of about 76 miles, and average breadth of about 50 miles, an 
area of about 3,800 square miles and is one of the largest 
counties of the state. 

The surface features of Stevens county may be separated 
into two somewhat distinct topographical areas. The first 
of these would consist of the southern part of the county or 
of that part which drains south into the Spokane and Little 
Spokane rivers. This region is one of plateaus and low hills 
which as a general thing are timbered. This part of the 
county ranges in altitude from 1,200 feet at the bottom, of 
some of the deepest canyons, to 4,082 feet, the top of the 
highest peak, above sea level. The general average of this 
part of the country is probably about 2,600 feet. The streams 
are short and some of them have cut quite deep gorges while 
others have comparatively shallow ones. 

The second one of these topographical regions is much 
larger than the first and includes all of that part of the county 
which is drained to the north by the Colville and Pend 
d'Oreille rivers into the Columbia river. It would also in- 

* Affkaaau Geologkal Survey, Annual Report, 1890, Vol. rv., p. 170. 
t Mlncnl ReeottTcet ofUie United autei, 1901, U. 8. 0. 8 , p. 665. 
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elude that part of the county which drains to the west directly 
into the Columbia. It contains several good sized valleys, the 
principal ones of which arc the Colville and the Pend 
d'Oreille situated along the streams of the same names. These 
valleys are level tracts of land along the streams from a mile 
to as much as two or three miles in width. Along some of 
the lateral streams many little valleys occur also. 

Between the Columbia river and the Colville river, with 
the exception of the narrow valleys along these streams, the 
country is rough and mountainous, in places reaching an alti- 
tude, above sea level, of more than 6,000 feet and the divide 
between these streams has an average altitude of more than 
4,500 feet. To the east of the Colville valley and between 
it and the Pend d'Oreille valley is another mountain range, 
of which the highest point, Calispell peak, has an altitude of 
6,905 feet above sea level, with the average height of the divide 
between 4,800 and 5,500. East of the Pend d'Oreille river the 
country is mountainous and rough with about the same alti- 
tude as that to the west 

All of these mountain ranges are well supplied with lateral 
streams which have found in many instances quite deep 
gorges. The mountains rise gradually from the valleys first 
being the foot hills which gradually merge into the moun- 
tains. Along the Columbia the bluffs rise more abruptly than 
they do along most of the streams. The mountain ranges 
extend in an almost due north and south direction across the 
county. 

The country rocks through Stevens county are granite, 
quartzite, slate, marble, limestone and metamorphic rocks in 
general. In places the sedimentary deposits are steeply in- 
clined, having been much disturbed. In many places the mar- 
bles are found in contact with the granites. The marbles 
show stratification in but few places, the metamorphism hav- 
ing been great enough in most instances to destroy all evi- 
dence of it. In many places the deposits have been badly 
broken by the disturbances which have produced the metamor- 
phism. Fossils, if they ever did exist, have been destroyed 
throughout most of the district. So far I know of but one 
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place where they have been found and this is near Valley 
BrcxA, where the Washington Brick, Lime & Manufacturing 
Company are quarrying the limestone which occurs there and 
using it for the manufacture of lime. These fossils are very 
scarce even here, are poorly preserved, and as yet it has not 
been possible to do very much with them. They have the 
appearance, however, of being Palaeozoic corals. 

To the north of Stevens county in British Columbia the 
same marble and limestone deposits are found and in some 
places they contain a few poorly preserved fossils which are 
thought perhaps to be of carboniferous age. The Stevens 
county marbles and limestones are probably of the same age 
as those to the north in British Columbia and if the latter 
should prove to be carboniferous the Stevens county deposits 
are also very likely carboniferous. The amount of evidence 
at hand, however, at present is not sufficient to warrant any 
definite conclusions. 

The southern limit of the limestones of Stevens county in a 
general way is about 48** north latitude or a few miles to the 
north of this. The southern deposits occur in isolated masses, 
do not cover large areas, and are not so common as the other 
kinds of rock, such as quartzite, granite and other igneous 
rocks. As one goes north from here the limestones or marbles 
become more common and cover larger areas until finally in 
the extreme northern part of the county the limestone forms 
quite a large part of the country rock. 

In the southern part of the area where marble is found 
it occurs low down either in the valleys or low foot hills 
while to the north it is found at a much greater altitude. The 
highest parts of the mountain ranges, however, even in the 
northern part of the county are not limestone but igneous 
and metamorphic rocks such as granite, slate and quartzite. 
On either side of the Colville valley from about Valley Brook 
to the northern end of the valley more or less marble and 
limestone is found in the foot hills and mountains which bor- 
der it. 

The indications are that the limestones and marble which 
au'e found in Stevens county are the remnants of what was at 
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one time a much larger deposit covering the country to the 
west as far as the Cascade mountains. At the time these 
deposits were forming this area must have been under water 
and these sediments accumulated, after which there was an 
elevation and the sedimentary deposits were folded more or 
less and in places at least badly broken. At the time this 
elevation took plaec the igneous rocks were forced up into the 
sedimentary rocks, the sedimentary rocks more or less meta- 
morphosed, and thrown into anticlines and synclines. Erosion 
began then to cut down this area and has succeeded in re- 
moving a large part of the limestone from it and especially 
from the highest parts where erosion would naturally be the 
greatest. The evidence of folding is not very great and only 
in a few instances has any evidence been found. There is, 
however, plenty of evidence that there have been very marked 
disturt>ances and in many places the strata are tilted and 
steeply inclined. 

In many places, especially in the northern part of the 
county, evidence is found which shows that at some time in 
the past this part of Washington was covered with glaciers. 
In places large masses of rock, which are unlike the rock on 
which they rest, are found, while in others the country rock 
shows very plainly the eflfects of ice on the polished surface 
and striations which are found. 

The marble and serpentine deposits in this area occur both 
to the east and the west of Valley, which is a station on the 
Spokane Falls & Northern Railway fifty-eight miles north 
of Spokane. The deposits to the west of Valley are from five 
to twelve miles from the railroad, while those on the east are 
only about three miles from the railroad. All of these de- 
posits, however, are easily accessible as fairly good wagon 
roads have been built to them. Some of the properties in this 
district have been located since 1894, but very little, if any, 
development work was done before 1898. Since that time 
considerable money has been expended in opening up some 
of these deposits and at the present time a large amount of 
work is being done. 
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Valley Area. 

The U. S. Marble Co. — ^The property of this company 
is situated in a number of places in Stevens county but 
the only place where much development work has been done 
is at the quarry, twelve miles west and north from Valley. 
From the railroad the quarry is reached by a fairly good wagon 
road which has been built for a considerable part of the dis- 
tance by the company. The altitude of Valley is 1670 feet 
above sea level and the altitude of the mill at the quarry as 
determined by aneroid is 3,570 feet above sea level. This 
gives an average grade of a little less than 3 per cent, for the 
twelve miles. The quarry is about 500 feet above the mill. 
The mountains around the quarry rise to a considerable dis- 
tance above it, Green way Mountain being 4,615 feet above 
sea level as g^ven by aneroid. This property consists of a 
group of twenty-one claims, about 420 acres, situated on the 
south side of the above named mountain, all of which are m 
Sees. 8 and 9, T. 31 N., R. 39 E. 

The principal deposits being worked by this company at 
this place are serpentine. They have, however, deposits of 
dark, almost black, coarsely crystalline marbles and also slates. 

Quarrying of the serpentines that occur on Greenway 
Mountin is being carried on by this company in at least three 
different places. The quarry situated on the east side of the 
mountain and known as the Greenway quarry was the first 
one to be opened and the one on which the most work has been 
done. The serpentine at this place occurs as a wedge shaped 
mass with the broader part of the mass extending downward. 
It cuts across the mountain in a line 5' to the west of north 
and the sides of this mass have a dip of So*". 

Greenway Mountain is composed principally of slates and 
limestones which dip to the north at an angle of 45", while the 
strike is N. 10^ E. The slate is light gray in color and lies 
conformably on the dark magnesian limestone and the ser- 
pentine cuts through both. The material quarried here is of 
various shades of green with more or less white scattered 
through it and the company has designated three of the most 
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comfmon colors as follows: Royal Washington, Landscape 
Green, and Athenian Green. This material is all quite soft 
and easily worked into almost any shape. The thickness of 
this wedge shaped mass where exposed on the quarry floor is 
20 feet and the quarry face at the present time (July, 1901,) is 
75 feet long and 30 feet high. 

The stone is quarried by steam drills, a series of holes be* 
ing drilled in the face of the quarry, along the desired direc- 
tion, as deep as the size of the block to be taken out. These 
holes vary as regards distance apart, on account of variation 
in the material, but are usually about three inches from center 
to center. After these holes have been drilled the drill is re- 
placed by a cutter bar and the space between these holes is cut 
out. After the blocks have been loosened in this way on three 
sides they are broken off on the fourth by means of wedges 
and then are hoisted by means of a steam derrick and carried 
out into the quarry yard. One trouble with this material 
has been the frequency of seams that have occurred in it and 
which have to a certain extent, at least, prevented the quarry- 
ing of large blocks. This trouble, however, has lessened 
somewhat with depth and will probably continue to diminish 
as greater depth is reached. Serpentines, while they may be 
soft, may at the same time resist weathering well. 

About five or six hundred yards south of the Greenway 
quarry across a deep gulch the United States Marble Co. has 
recently opened up a new quarry from which an entirely dif- 
ferent grade of serpentine is being quarried. It differs from 
the other in color and in being much harder. The material has 
been designated by the company as Canyon Green. This body 
of serpentine, like the other, seems to be an irregular mass, 
alongside of which is a dike of igneous material called by Mr. 
Greenway a diorite. This material appears to be freer from 
checks and seams than that from the Greenway quarry and 
appears very promising. 

The company has also begun the opening up of a new 
quarry a short distance below their mill on material which is 
entirely different from that being taken out of either of the 
other quarries and they have designated this Purple Athenian. 
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This material is, if anything, a triffe harder than the Canyon 
Green. The company has not done very much work at this 
place as yet and it is hard to tell how it will show up as depth 
is obtained but the indications are that large blocks of very 
beautiful stone practically free from seams can be obtained. 

The United States Marble Co. has not done nearly as much 
work on their marble deposits as they have on the serpentines ; 
some work, however, has been done toward opening a quarry 
in this deposit and if there should be a demand for the ma- 
terial it could be easily produced. This marble appears mas- 
sive rather than stratified and the deposit is quite large. It 
resists weathering well, as shown by that exposed on the sur- 
face. It is quite hard and not so easily worked as most mar- 
bles. The deposit is practically free from seams and blocks 
of almost any size can be quarried. This material varies some- 
what in color, ranging from a light gray to a very dark, almost 
black. 

This company has a large and well equipped plant for 
qoanying and working the serpentine and marble deposits 
and employs from- sixty to eighty men continually. The 
company has, for quarrying the serpentine, three 3-inch and 
one 254-inch Rand drills which are operated on quarrying 
bars and are driven by steam which is supplied from a 45 
H. P. boiler. The drills will each drill on an average about 
eight feet an hour. For handling the large blocks after they 
are quarried the quarry is supplied with a ten-ton derrick, 
which is operated by steam. 

The mill for sawing, polishing and working the stone is 
about one-half a mile from the Greenway quarry at the foot 
of the hill and the large blocks of serpentine are loaded onto 
heavy trucks and hauled down the hill to the mill. The mill 
is supplied with two gang saws of the latest pattern and hav- 
ing automatic feed. These saws have a stroke of twenty 
inches, are 7x13 and 7x14 feet, and blocks of stone 6x6x11 and 
6x6x12 feet can be cut. There is a rubbing bed thirteen and 
one-half feet in diameter and three machines for polishing 
the stone; also one eight-foot lathe, one four-foot lathe, two 
small lathes for fancy work, and a polishing lathe. The 
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power for driving this machinery is supplied by an 80 H. P. 
boiler and a 40 and a 50 H. P. engine. 

In addition to the machinery already mentioned the com- 
pany has recently installed a very complete pneumatic tool 
plant which operates a series of chisels that vary in size from 
those a quarter of an inch wide, used for the finest carving, up 
to the immense chisels used for dressing the blocks of stone 
just as they come from, the quarry. 

The company has established a general merchandise store 
which supplies its own employes and in addition does con- 
siderable business with the nearby inhabitants. The camp, 
which consists of bunk houses, kitchen, office, bams, store 
building, etc., is situated on the mountain side, 210 feet above 
the mill. 

Thin sections of the serpentine from the Greenway quarry 
when examined under the microscope show it to be very finely 
crystalline and of uniform texture. Thin sections when 
viewed in ordinary light are transparent. In polarized light, 
under crossed nicols, they show brilliant colors. 

Thin sections of the limestone or marble from this locality 
when examined under the microscope show it to be made up 
of very large but quite uniform sized crystals which interlock 
in a very intricate manner. When viewed in ordinary light 
it has a dirty and somewhat clouded appearance. Some of 
the crystals show very plainly the rhombohedral cleavage so 
characteristic of calcite while in others it is almost absent. 
In polarized light it is shown to be practically free from all 
foreign substances and to be, mineralogically, a very pure 
limestone. 

The following chemical analysis shows the composition of 

the serpentine from the Greenway quarry: 

Silica (SI O,) 16.80 

Iron (FOi O.) 3.82 

Alumina lA^ Ot) 8 .00 

Ldme (Ca O) None 

Magnesia (Mg O) 52.89 

Carbon dioxide (C Os) 1.27 

Water at 110" C. (H, O) None 

Water above 110' C. (H, O) 28.86 

^^^■■'^^^* 
99.64 
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The following chemical analysis shows the composition of 

the dark coarsely crystalline limestone from the United States 

Marble Company's quarry : 

SlUca (Si Ot) 5.7» 

Fopric Iron (P^i OJ 0.lf6 

FerrouB iron (Fe O) None 

Alumina (Al, O.) 0.43 

time (C4 O) l.«» 

MagneBia (Mg O) 42.07 

Carbon dioxide (C OJ 47.23 

Water above 110** and undetermined 

substancea 1.94 

100.00 

The above analysis of the serpentine from this locality 
shows that it is entirely too low in the amount of silica it 
contains to be a normal serpentine. After having the analysis 
carefully checked and the same result obtained the second 
timie a sample was sent to Mr. F. W. Clarke, Chief Chemist 
of the U. S. Geological Survey, with a request for his opinion 
of it and he has kindly furnished the following. 

A Pseudo-Serpentine from Stevens County, Washington. 

The "Serpentine" varies a good deal in color, and a series 
of samples in the U. S. National Museum shows that the out- 
put of the locality is far from uniform. They range from a 
white carbonate, through various intermediate mixtures of the 
verde antique type, to material which appears to be ordinary 
serpentine. The latter, however, as shown by the serpentine 
under consideration, is distinctly laminated in structure, and 
exhibits a splintery fracture. An analysis by Mr. George 
Steiger gave the following results : 

81 O, 18.08 

AU O, 1.68 

F^i O, 1.26 

Fe O 0.19 

Bf« O 66.44 

Ca O 0.88 

H, O at 100' 0.85 

H, O above lOO"* 28.94 

CO, 2.08 

99.74 

These figures at once suggest a probable admixture of 
brucite with the serpentinous material, and a microscopic ex- 
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amination by Mr. J. S. Diller tends to confirm this supposi* 
tion. 

According to Mr. Diller the specimen is mainly composed 
of three minerals, a, b, and c The first two have nearly 
equal indices of refraction, but differ widely in birefringence. 
The mineral a is the most abundant. In transmitted light it 
is colorless, but between crossed nicols it exhibits brilliant 
colors. The mineral b is pale green, and intermingled with 
a. Its birefringence yields weak colors, quite characteristic 
ol chlorite. In quantity it is less than one-fourth of a. 

Mineral c is granular, in scattered grains and irregular 
groups with a high index of refraction and a birefringence 
which suggests a carbonate, but it does not effervesce with a 
dilute acid. It amounts to not more than 5 per cent, of the 
whole. Mineral b is certainly chlorite, and a may be brucite 
or possibly serpentine. 

By applying Mr. Diller's observations to the analysis of 
the rock, the proximate composition of the latter may be de- 
duced; although certain assumptions must be made. The 
carbonate present is probably hydromagnesite for that species 
is a frequent associate of brucite. The composition of the 
chlorite is unknown, but it may be interpreted as essentially 
clinochlore, and proportional to the ferric oxide and alumina. 
So much assumed, the analysis gives the following approxi- 
mate results expressing the composition of the specimen : 

Hjntromacnealte 6.0 

Chlorite 14.0 

Serpentine 20.0 

Bmclte 60.0 

water 1.0 



100.0 

In this, four minerals appear instead of three, but the 
microscopic examination did not attempt to discriminate be- 
tween the brucite and the serpentine. 

In order to obtain evidence confirmatory of the foregoing 
conclusions, a few experiments were made, tending towards 
fractional determinations. Upon dig^ting the powdered rock 
for two hours with cold, dilute nitric acid (ten per cent, by 
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volume), 1.32 per cent, of Fet 0«iAl« 0« and 47.29 per cent. 
MgO went into solution. In a similar experiment with cold, 
20 per cent, acetic acid, 0.69 Fe« 0» — Alt 0« and 45.64 MgO 
were extracted. Brucite dissolves readily in acids of the in- 
dicated strength, but some chlorite was evidently attacked as 
well. I also found that ordinary serpentine was quite ap- 
preciably acted upon by weak acetic acid. These experiments 
then mierely show that the rock contains a large amount of 
magnesium in a very easily soluble condition, the quantity 
equivalent to 60 per cent, of brucite being 41.4. The results 
are in harmony with the conclusions already reached, and 
helps to support them, although accurate fractional determina- 
tion cannot be made. The rock is unusual in character, and 
if the sample examined is fairly characteristic of the entire 
deposit, the latter should be carefully studied in reference to 
its origin and its geological relations. 

F. W. CLiuac9, 
U. S. Geological Survey, Chief Chemist. 

Washington, D. C, 
Jan. 21, 1903. 

Samples of the black marble from the quarry of the United 
States Marble Co. have a crushing strength, as shown in Table 
I., of 27,800 and 31,710 pounds to the square inch, while the 
modulus of elasticity as shown in the same table was 11,045,000 
and 11,813,000 pounds to the square inch respectively. This 
stone has a specific gravity of 2.908, a sample weighing 65.025 
grams absorbed .09 grams of water or .14 of i per cent, of the 
entire weight of the sample, and the percentage of pore space 
is 401 of I per cent, of the mass of the stone. 

Samples were tested to show the effect of freezing by being 
alternately frozen and thawed each day for a period of twenty 
days and at the end of this time the loss was found to be .007 
of I per cent, of the weight of the sample. Samples were also 
placed in a moist atmosphere of CO« and allowed to remain for 
a period of twenty days, at the end of which time a sample 
weighing 65.02 grams was found to have lost .005 of a gram. 

Tests were also made on this marble by placing samples in 
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a muffle furnace and heating to a temperature of 800** F. 
Some of the samples were cooled suddenly by being put into 
cold water while at this temperature and allowed to remain 
until cold, when they were tested and found to crumble on the 
edges. Those that cooled slowly were but little injured. 
Samples heated to a temperature of 1,200** F. were completely 
destroyed even when allowed to cool slowly. 

All of the serpentines being quarried by the United States 
Marble Co. take a very high polish and are very easy to work 
after the stone is taken from the quarry. This material is not 
so easy to quarry, however, as some stone on account of the 
fact that it has no bedding planes and occurs on the face 
of a steep mountain. All of the material being taken out of 
the quarry first opened is very soft and while it is very easy 
to work and takes a high polish it is suitable for only certain 
kinds of work. This includes what has been named by the 
company Royal Washington, Landscape Green, and Athenian 
Green. All of these have more or less of a splintery fracture. 
The ichemical analyses given in this report of th^ serpentine 
from this quarry are of a sample of the Royal Washington. 
The softness of this material makes it very easy to work into 
all kinds of shapes and all kinds of ornaments may be manu- 
factured from it. Unfortunately in the past, in some cases at 
least, this material has been used in places for which it is 
not well suited. The principal use for which this material is 
suited is decorations. 

The company is opening a couple of new quarries from 
which a different grade of material is being produced. From 
one of these the Canyon Green material is obtained, while from 
the other the Purple Athenian is derived. These are either 
of them very handsome materials, considerable harder than 
that obtained from the other quarry, and would be suitable for 
most of the interior work for which marble is used ; such as 
wainscoting, counters in banks, mantels, cornices, capitols, 
friezes, etc. This appears to be a very promising material and 
it seems to me the only question to be determined in connec- 
tion with it is the extent of it and perhaps also the size of the 
blocks that can be obtained. 
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The black marble which occurs in connection with these 
serpentines has a very high specific gravity and high crushing 
strength. It takes a very good polish but is quite hard and 
not easily worked. As shown by the accompanying chemical 
analysis this is almost a pure magnesian carbonate and has 
very much the same composition as magnesite but it differs 
from most magnesite in the fact that it is crystalline. This 
stone is too hard to work to be used very extensively for 
purposes where dressed stone is required, but it might be 
used as an ordinary building stone if somp cheaper means 
of transportation could be had than hauling by teams for 
a distance of twelve miles to the railroad. It is a stone that 
should last well in buildings. 

The North American Marble ft Onyx Co. — ^The property 
of the North American Marble & Onyx Co. is situated in Sec. 
19, T. 31 N., R. 39 E., Sees. 24 and 25, T. 31 N., R. 38 E., and 
Sec. 12, T. 31 N., R. 39 E. There are seven claims in this 
property, six of which are west and a little north of Valley, 
a distance of from eleven to twelve miles, while the other is 
almost due northwest of Valley, a distance of five and one- 
half miles and is very close to the property owned by the 
Washington State Marble Co. A wagon road has been built 
to these deposits and an average grade of 3 per cent, obtained. 

This company has done but very little work on any of its 
claims. A few openings have been made on some of them 
but no systematic development work has been done. The 
attitude above sea level of the Green Gem, Malachite and 
Creole is 3,310 feet. Two openings liave been made on these 
claims along the bluff and some very good looking material is 
exposed. These evenings are about one hundred feet apart 
and the deposits are exposed for a distance of fifty feet in one 
plsDce and sixty feet in another and the indications are that 
the deposits are practically the same between these two open- 
ings. These deposits outcrop at intervals for a distance of at 
least 200 feet above these openings and above tha^t they are 
covered with soil and gravel. Between the deposits where the 
openings have been made, and the slates which lie over them, 
is a body of limestone which differs from the other somenvliat. 
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This material seems to resist weathering well as shown by 
that exposed in these openings. It varies much in color, 
ranging from solid greens to those in which the greens and 
whites are intimately mixed. 

One-half mile up the small creek from the above named 
claims are the Brooklyn, Greater New York and the Black 
Bear. These claims arc 4,310 feet above sea level or 1,000 
feet above the other claims. The deposits on these claims are 
in places somewhat stratified, while in others they are m-issivc. 
In places small seams of quartz are found in these marbles. 
Seams and joints are quite common but not enough so but 
what good sized blocks could be quarried. One set of these 
joints is fairly regular, while the others are not. This ma- 
terial is quite hard and resists weathering well. Some work 
has been done on these claims but no very great depth reached 
at any place. The prevailing colors here are pink and various 
combinations of pink and white. 

These claims are not so easy of access as the others owned 
by the same company. They are a little more than half a 
mile from the wagon road and it would be quite expensive to 
build a road to them as they are eight hundred to one thousand 
feet above where the road at present terminates. It would, 
however, be possible to build a road up the gulch to the foot 
of the mountain in which the deposits occur and there build a 
tramway up the mountain to the deposits. The outcrop of the 
red marble, which is found here, has been traced for a distance 
of 3,000 feet on either side of the deposit and it is known to 
have a width of from 600 to 1,000 feet with bluffs from 75 to 
100 feet high. 

A small stream of water passes through these claims and 
would furnish, at all times, enough for running an engine 
and a mill for cutting and working the marble. 

The claim known as the Ophir Onyic, owned by this same 
company is not nearly so difficult of access as the others, 
being only about one-half mile from a good wagon road. It 
is 2,465 feet above sea level or 795 feet above the railroad at 
Valley. Several openings have been made on this claim and 
in one place a depth of thirty feet has been reached. These 
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deposits contain both marble and serpentine of various colors 
from g^een to pure white with various mixtures of green, 
white, pink and purple. The serpentine, in places, is very in- 
timately associated with the marble, occurring in layers alter- 
nating with it ; this, however, seems to be the case only near 
the surface and as depth is obtained the serpentine disappears 
entirely. In one opening that has been made the material 
at and near the surface is serpentine and a short distance 
below the surface thin layers of marble begin to appear in the 
serpentine and these keep gradually increasing in number and 
thickness as greater depth is obtained until they compose the 
whole of the deposit. 

The marble on this claim is distinctly stratified and has a 
dip which varies somewhat in amount, being in places as much 
as 25*. The deposits are very little checked and broken even 
near the surface and large sized blocks could be quarried with 
very little depth ; there is a good supply of the material and 
it resists weathering well, as shown by the exposures in the 
bluffs and it lies in a position quite favorable for easy quarry- 
ing. 

Thin sections from these deposits, examined under the 
microscope, shows that the deposits vary from very fine 
grained to those that are very coarse grained. Thin sections 
of the coarse grained pink colored limestone are fairly uniform 
as regards the size of the individual crystals. When viewed 
in ordinary light the sections appear somewhat clouded with 
one set of parallel lines well marked. In a few of the crystals 
the rhombohedral cleavage so characteristic of calcite is very 
marked. The crystals interlock in a very complex way and 
this accounts quite largely for the very great strength of this 
stone. Under polarized light the stone is seen to have a very 
simple mineralogical composition, being composed principally 
of magnesium carbonate or magnesite. The twinning so com- 
mon in calcite is absent here. 

Sections of the finer grained stone present an entirely dif- 
ferent appearance from the above described ones. In ordinary 
light they have a clouded and slightly yellowish tinge. The 
principal mineral is dolomite with some serpentine. In places 
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in some of the sections the serpentine shows a very distinct 
mesh structure, while many of the calcite crystals show very 
plainly the characteristic rhombohedral cleavage. In polarized 
light under crossed nicols twinning is shown to be quite com- 
mon. 

Thin sections of the serpentine from these properties 
viewed in ordinary light are clear and transparent in places, 
while in other places they are very much clouded. 

The following analysis shows the chemical composition of 
tKe coarse grained pinkish colored material from the property 
of the North American Marble & Onyx Co. : 

SUlca (Si OJ 0.89 

Ferric iron (Fei O.) 0.00 

Perroos iron (Fe O) 0.58 

AlmniiiA (Al« Oa) Noiio 

Lime (Ga O) Nona 

Magnesia (Mg O) 45.76 

Carbon dioxide (CO.) 49.24 

Water above 110" and undetermined 

snttancee (H« O) 8.53 

100.0 
Below is given an analysis of a sample of the very fine 
grained light colored stone from the Ophir Onyx claim of this 
company : 

SUica (SI O,) 40.35 

Ferric iron (Fe, O,) 0.00 

Ferrous iron (Fe Q) 1.66 

Alumina (Al. 0<) None 

Lime (Ca O) 11.85 

Magnesia (Mg O) 22.07 

Carbon dioxide (CO.) 17.22 

Water above llO** and undetermined 

aubstancea (H, O) 6.85 

100.00 
The chemical composition of the serpentine from this prop- 
erty is shown by the following analysis : 

Silica (Si O,) 88.47 

Ferric iron (F0| 0<) 2.04 

Ferrous iron (Fb O) 0.00 

Alumina (Alt O.) 0.16 

Magnesia (Mg O) 38,86 

Lime (CJa O) None 

Carbon dioxide (C O,) 4.84 

Water above 110*" and undetermined 

substances (H« u) ... . 4.63 

100.00 
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From the above analysis it is seen that there is a wide 
variation in chemical composition in the material found in the 
deposits owned by this company. The coarse grained pink 
is a magnesium carbonate entirely free from calcium carbon- 
ate, while the fine grained is a mixture of magnesium carbon- 
ate, calcium carbonate and magnesium silicate. In some cases 
the magnesium silicate is in the form of serpentine, while in 
others it is more or less in the nature of talc. The samples 
analyzed were taken as extremes and much of the material 
would have less silica and magnesia and more calcium car- 
bonate. 

Samples of the pink colored magnesium carbonate from 
the property of the North American Marble & Onyx Co. were 
found to have a specific gravity, as shown in Table II. of 2.858. 
A sample weighing 48.02 grams absorbed .052 of a gram of 
water or .18 of i per cent, of its entire weight. It had a pore 
space or porosity of .308 of i per cent, of its mass. 

Tests were made to determine the effect of freezing and 
thawing on the weight of samples of this stone by alternately 
freezing and thawing them each day for a period of twenty 
days, at the end of which time it was found that the loss as 
shown in Table III. was .014 of i per cent, of the weight of 
the samples tested. It was also tested to see what the effect 
on it would be of a moist atmosphere containing Cot and at 
the end of twenty days a sample which weighed to begin 
with 48.013 grams had lost .003 of a gram. 

Samples were placed in a muffle furnace and heated to a 
temperature of 800' F. and taken from the furnace and put 
into cold water while at this temperature and allowed to re- 
main until cooled, when they were carefully examined and so 
far as could be told they were uninjured. Samples were then 
heated to 1,200* F. and allowed to cool gradually and were 
found to be practically ruined, being calcined throughout the 
larger part of the sample and after being left out in the air for 
a few days the samples crumbled and fell to pieces. 

The pink colored coarsely crystalline magnesium carbon- 
ates from' the property of the North American Marble & Onyx 
Co. is almost identical in texture and composition with the 

7 
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black marble from the quarry of the U. S. Marble Co. The 
hardness is practically the same and in fact the only respect 
in which it differs from the other is in color. The color is a 
pink or red and is fairly uniform. In places there are seams 
of white mixed with the red. This stone takes a very good 
polish but on account of its hardness is not as easily worked as 
ordinary marbles and consequently more expensive. It would 
be a very handsome stone for building purposes, for which it 
is undoubtedly well suited on account of its strength, color and 
ability to resist weathering well. 

The material occurring in the Green Gem, Malachite, and 
Creole claims, which has usually been considered as serpen- 
tine, is found to be a mixture of calcium and magnesium car- 
bonate with serpentine in varying amounts. The material, 
however, takes a good polish and is hard enough so that it 
would be suitable for all kinds of interior finishing and decora- 
tive work, while on the other hand it is not so hard as to make 
it difficult to work. 

On the Ophir Onyx claim still a different kind of material 
is found. It varies much in composition, ranging from a true 
serpentine to crystalline magnesium carbonates with only 
small amounts of calcium carbonate. The material takes a 
good polish and except in the case of that containing a high 
percentage of silica it is not difficult to work. This claim is the 
best situated of any of the claims owned by this company, 
being much nearer the railroad and only a very short distance 
from a good wagon road. The finest grades of decorative 
stone will bring a high enough price so that it is possible to 
transport them for some distance by teams but ordinary gradef 
of building stone as a general thing will not stand this heavy 
expense. The question of transportation is a very important 
one in connection with the working of the deposits owned by 
this company and one that should be very carefully considered. 

Washington State Marble Co. — ^The deposits owned by the 
Washington State Marble Co. are in Sees. 6 and 7, T. 31 N., 
R. 40 E., and Sec. 12, T. 31 N., R. 39 E. The company has 80 
acres in Sec. 6, 160 acres in Sec. 7, and 120 acres in Sec. 12, 
making in all 360 acres. In addition to this the company has 
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40 acres of deeded land a short distance north of the north. line 
of the above located property which includes a water powjpn 
right and mill site on Huckleberry Creek. This property-'i.s-"- 
distant five miles northwest from the Spokane Falls an^* 
Northern Railroad, a branch of the Great Northern system, .•"* 
at Valley. 

The property of this company is easily accessible, there 
being a good wagon road most of the way to it and with a 
very little work it could be put in good condition the rest of 
the way. The deposits as g^ven by aneroid are, at the cabin, 
2,500 feet above sea level or 830 feet above Valley. Taking 
the distance as 5^ miles and we would have an average g^ade 
of about 3 per cent. From Wait's Lake to the property is one 
and a half miles and the aifference in altitude is 500 feet and 
for this distance the average grade would be about 6 per cent. 
The altitude of the marble deposits at their highest points on 
this property is 3,000 feet above sea level and in places there 
are almost perpendicular bluffs of marble from 300 to 500 feet 
high. 

But very little work has been done on this property up to 
the present time (July, 1902,) only a few very small openings 
having been made. The marble on this property is somewhat 
broken on the surface but will probably improve as depth is 
obtained. Some fairly good sized blocks for surface material 
have been quarried. From all indications this marble will 
resist weathering quite well. The amount of marble exposed 
here is very large and practically inexhaustible. The de- 
posits are more or less bedded and vary in the amount of dip 
from 10* to 30* and the direction of dip is toward the west. 
The bedding planes vary much as regards their distance apart, 
in some places being not more than a foot or two, while in 
others they are as much as fifteen to twenty feet. The stream 
on the property even at its lowest stage could probably be 
made to produce from one hundred and fifty to one hundred 
and seventy-five horse power, which would be sufficient to 
operate a large plant. These deposits vary much in color as 
well as in composition, the prevailing colors, however, are 
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som^ sliade of pink or green with various combinations of this 
and*fn some cases there is a distinct purple tinge. 

'../ Thin sections of this material viewed under the microscope 
" "fehow it to vary much in structure, being in some cases very 
. fine grained, while in others it is quite coarse grained. There 
are also all grades between these extremes. Viewed in or- 
dinary light the sections have a dirty appearance and are 
shown to be made up of grains that are quite uniform in size 
with the exception of those found in small veins which traverse 
the material taken from certain places in these deposits. The 
grains in the individual sections, however, vary much in size. 
In places these deposits contain a considerable amount of ser- 
pentine while in others they are practically free from it. 

The following chemical analysis show the composition of a 
sample of the pink and of the green material from these de- 
posits : 

Pink. Green. 

Silica (Si O,) 18.18 10.47 

Ferric iron (FOi O.) 0.4& 0.56 

Ferrous Iroa (Fe O) .... 1.17 0.57 

Alumina (Al, O.) 0.44 1.86 

Lime (Ca O) 24.74 82.66 

Magnesia (Mg O) 16.10 15.08 

Carbon dioxide (C OJ ... 88.18 88.19 

Water at 110* C. (H, O) . . 0.06 0.10 

Water above llO"" a (H, O) . 69 . 67 

100.00 100.00 

The above analysis shows that both the pink and green 
material from these deposits contains quite a considerable 
amount of silica which is probably combined with the mag- 
nesia to form a serpentine. 

A sample of the pink colored marble from the deposits 
owned by the Washington State Marble Co. was found, as 
shown in Table II., to have a specific gravity of 2.829. As 
shown by the same table a sample weighing 93.309 grams ab- 
sorbed 1.225 grams of water, which was 1.32 per cent, of the 
weight of the sample. It had a pore space or porosity of 
3.578 per cent, of the mass of the sample. 

These deposits have some very handsome colored marbles 
which take a very high polish. The material is a trifle harder 
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than ordinary marbles but at the same time it is not so hard 
as to make it difficult to work. It has a high specific gravity, 
being considerable above the average for marbles and lime- 
stones. The deposits are easier of access than many of the 
Stevens Co. marble deposits and are fairly well situated for 
being worked economically. 

Pacific Coast Marble, Tiling ft Manufacturing Co.— This 
company owns property located in Sec. i8, T. 31 N., R. 41 E. 
The quarry and mill are about two miles almost due east of 
Valley, but to follow the wagon road it is four miles to the 
quarry. The altitude of the quarry above sea level as given 
by single reading of the aneroid is 2,150 feet or 480 feet above 
the railroad at Valley. The property is easy of access, having 
a good wagon road all the way from Valley to it. The com- 
pany owns about forty acres of land, all of which has been 
taken for marble. 

Considerable work has been done by this company and a 
fair start made toward opening up a quarry. A depth of forty 
feet has been reached and some large blocks which appear 
to be quite free from seams have been taken out. These de- 
posits are massive and in no place, so far as I could see, do 
they show any sign of stratification. They extend north and 
south for a distance of about four miles, and in Sec. 18 have 
a width of about one-third of a mile. In this distance of four 
miles, however, the material varies a great deal and much of it 
is of no value. There have been several openings made at 
different places on this property and the fact of an extensive 
deposit existing here proven. 

Near the surface the deposits are considerably broken and 
quite a good many seams are found running through them but 
they improve with depth, as is shown in the quarry at the 
present time when a depth of only forty feet has been reached. 
The material varies considerably in color, that at or near the 
surface being different from that some distance below the 
surface. The surface material is a mixture of white, green 
and occasionally a very little red in various shades and mark- 
ings, while below the surface a short distance the prevailing 
colors are sienna, white and green, with some very dark brown. 
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The sienna forms the m'ain part of the stone and the other 
colors show through it in streaks and seams and produce 
various markings and a very pleasing effect. To the east of 
this property are limestones and quartzites, the ridges being 
quartzite and the limestone lies on it but does not reach so 
g^eat an altitude as the quartzite does. West of the property 
about one-half a mile slates outcrop. There is a nice spring 
of water on the property which will probably supply enough 
for the operating of the mill and engine. 

The company has a small plant on the property consisting 
of an automatic feed gang saw 6x12 feet, a rubbing bed six 
feet in diameter, one polisher, and two steam drills complete 
for use in the quarry. The power for driving this machinery 
is furnished by a 40 H. P. boiler and a 25 H. P. engine. The 
mill is about 100 feet long by 35 feet wide. In addition to 
the above there are such otner things as derrick, blacksmith 
shop and cook house. 

Thin sections of the material from the property of this com- 
pany examined under the microscope show it to have a very 
fine and even texture with frequently fine veins of caldte oc- 
curring in it. In ordinary light the sections present a very 
clouded and dirty appearance. The fine seams are quite com- 
mon in places in the sections and they appear to have been 
formed after the main mass of the stone. The principal min- 
eral is calcite, which in a very few instances shows the char- 
acteristic rliombohedral cleavage. 

The following analysis shows the chemical composition of 
a surface sample and one entirely free from the brown or 
sienna colored material : 

Silica (Si O,) 27.11 

Ferric iron (Fe, O,) 1.90 

Ferrous iron (Fe O) 2.44 

Alumina (Al. O,) 1.90 

Lime (Ca O) 23.68 

Magnesia (Mg O) 15. 4€ 

Carbon dioxide (0 0.) 19.80 

Wlater and undetermined aubata^ces. . 8.82 

100.00 
The above analysis, when considered in connection with 
the general appearance of the stone, would tend to show that 
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calcium carbonate and serpentine are the principal minerals 
in this material, with small amount of silica, iron, alumina and 
other substances occurring as accessory minerals. 

This material is not a building material and should be used 
only for decorative purposes. It is of medium hardness but 
not hard enough to make it difficult to work. It takes a very 
fine polish and some very handsome colors occur in the de- 
posits. The nearness of this deposit to transportation and the 
ease with which it can be reached are points in favor of pro- 
ducing it cheaply, while on the other hand the conditions 
in connection with quarrying the stone are such that the 
quarry will be a little more expensive to work than the average 
quarry. The important question here, as it is in many of the 
Stevens county marbles is the one as regards the size of the 
blocks that can be obtained with depth. 

The Green Mountain Marble Co.— In Sec. 13, T. 31 N., R. 
40 E. is the property owned by what is known as the Green 
Mountain Marble Co. This property is about one and one- 
half miles almost due east of Valley and very easy of access 
as it is close to a good wagon road. The deposit has been 
opened up in one place and some development work done. It 
is principally of a green color with various markings and is 
very handsome. It has a very fine texture, contains calcium 
carbonate and magnesium silicate and is probably a mixture 
of marble and serpentine. In the opening which has been made 
are exposed chlorite schists, talc and the above described 
material. A depth of about twelve to fifteen feet has been 
reached in this opening. The material takes a good polish and 
is hard enough to hold it well. The principal trouble with this 
deposit is the fact that it is very badly broken and at the time 
I visited the property (July, 1902,) it was not possible to ob- 
tain anything like large pieces without they were full of seams 
and cracks ; this, however, may change when a greater depth 
is reached. The indications, however, on the whole are not 
very favorable for this material, being entirely free from 
checks and becoming entirely sound until considerable depth 
is obtained, if it does even then. 
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Milan Area. 

The Spokane Marble Co.— The property of this company is 
six miles north and a little west from Milan, which is a small 
station on the main line of the Great Northern Railway, twen- 
ty-six miles north and a little east of Spokane, and is in Sec. 
32, T. 30 N., R. 43 E. It is on what is known as the west 
branch of the Little Spokane river and has an altitude of 2,050 
feet above sea level, or 271 feet above Milan, which gives an 
average grade of a little less than i per cent, for the six miles. 
The wagon road as located at present, however, reaches a 
greater altitude than this before the quarry is reached and 
comes down to it but at the same time the road has a very easy 
grade and the property is easy of access. 

Th^ company has 160 acres of deeded land and three claims 
of 20 acres each, located under the placer act, making 220 
acres in all. 

The Spokane Marble Co. has done quite a large amount of 
work toward opening up and developing their property and 
at the present time have an almost perpendicular face exposed 
for a horizontal distance of about 50 feet and 30 feet verti- 
cally. The marble found here is of various colors, from black 
to a very light, slightly yellowish gray, with various mix- 
tures of black, white and green. The mixtures of the black, 
white and green are probably the best grades of stone found in 
these deposits. These deposits are massive where they have 
been exposed and in no place did I see any signs of stratifica- 
tion. 

The indications are that this marble will resist weathering 
well and that the deposits are quite extensive. The extent 
is not, however, definitely determined as yet as the surface 
material throughout this locality is a mixture of soil and gravel 
which covers and hides the country rock in most places. A 
few small openings, however, have been made at different 
places on this property and the same character of material 
found in each case. This material is not so badly broken and 
has less seams and checks in it than many of the Stevens 
county marble deposits and fair sized blocks of very handsome 
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stone can be taken out even with the present development of 
the quarry. The property is well supplied with water, timber 
and sand for the mill. 

The company has a small plant for working the quarry, 
cutting and polishing the marble. A small mill has been built 
and in this a gang saw 8 feet long, a rubbing bed 3 feet in 
diameter, a large lathe, and tools for marble turning, and a 
Rand air compressor have been installed. The power for 
driving this machinery is water, which is supplied by a ditch 
and pipe 1,200 feet long, and a Pelton wheel. The water is 
from' a small stream running through the property and this 
stream is fed by a very large spring. This water has 150 feet 
fall and develops 45 H. P. 

A short distance southwest from the mill some white mar- 
ble occurs and one or two openings have been made but no 
work to speak of has been done. The surface indications 
here are not very favorable as the marble is badly broken and 
contains more or less iron sulphide scattered through it which 
would injure it even if it were not so badly broken as to make 
it of no value. The country rock through this locality is 
granite principally, with some quartzite and shale with the 
marble occurring in places. 

Thin sections of the marble from the property of the Spo- 
kane Marble Company examined under the microscope show 
it to be composed essentially of calcium carbonate and ser- 
pentine with some magnetite and more or less clayey ma- 
terial scattered through it. In ordinary light the calcium car- 
bonate has a clouded appearance and in places shows very 
plainly the rhombohedral cleavage. The serpentine when 
viewed in ordinary light is transparent and almost clear. 
When viewed in polarized light, under crossed nicols the 
calcite shows polysynthetic twinning so characteristic of it 
and the mesh structure of the serpentine is very distinctly 
shown. 

The following analysis shows the chemical composition of 
the material from the quarry of the Spokane Marble Co. The 
silica and magnesia are combined and with water form the 
serpentine. The carbon dioxide and lime are united to form 
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the calcite, which is common throughout the rock, while the 
iron is probably an oxide, principally at any rate, with perhaps 
a little sulphide and the alumina and some of the silica have 
combined to form a small amount of clay : 

Silica (81 O,) 27. W 

Penic iron (Fe, O.) 2.08 

Ferrous Iron (Fe O) 2.88 

Alumina (Al, O.) 2.82 

Ume (Ca O) 18.06 

Magnesia (Mg O) 27.74 

Carbon dioxide (CO,) 11.88 

Water and undetermined sutetances. . 18.17 

100.00 

Cubes of the stone from the property of the Spokane 
Marble Co. were tested to determine the crushing strengfth 
and the results are shown in Table I. Samples of the dark 
colored marble from this quarry were found to have a crushing 
strength ranging from 8,210 to 10400 pounds to the square 
inch and a modulus of elasticity of from 3,309,000 to 4,208,000 
pounds to the square inch. Samples of the light yellow ma- 
terial from the same property had a crushing strength of from 
12,180 to 14,820 pounds to the square inch with a modulus of 
elasticity of from 3,876,000 to 11,023,000 pounds to the square 
inch. 

Tests were also made to determine the ratio of absorption 
and as shown in Table II. a sample weighing 46.729 grams 
absorbed .154 of one gram of water or .33 of one per cent, of 
the weight of the sample and had a porosity or pore space of 
.881 of I per cent, of its mass. It has a specific gravity of 
2.696. A sample was alternately frozen and thawed each 
day for a period of twenty days, at the end of which time it 
was found that the sample had lost .019 of i per cent, of its 
weight. 

The effect of CO« in a moist atmosphere was tested and at 
the end of a period of twenty days it was found that a sample 
weighing 46.64 grams had lost in weight .002 of a gram. 
Samples were placed in a muffle furnace and gradually heated 
to a temperature of 8oo' F. Some of the samples were taken 
from the furnace and put into cold water, while at this temper- 
ature, and allowed to remain until cooled, while the others 
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were allowed to cool slowly. The samples that were cooled 
suddenly were cracked and practically destroyed, while those 
that were allowed to cool slowly were but little injured. 
Samples heated to a temperature of 1,200* F. were calcined 
and crumbled to pieces. 

This marble is easy to work and takes a good polish. These 
deposits are well situated for being worked cheaply as the 
company has a very fine water power for running all the 
machinery, such as saws, polishers, lathes, rubbing bed and 
the drills used in the quarry. This is a very handsome orna- 
mental and decorative material and will probably never be 
used very extensively, if at all, as dimension stone for ordinary 
building purposes. The stone has a crushing strength above 
the average for marbles as shown in Table I., while the specific 
gravity is about the average and the ratio of absorption below 
the average. 

COLVILLB ARBA. 

Colville, the county seat of Stevens county, is eighty-nine 
miles north and a little west from Spokane and is on the Spo- 
kane Falls and Northern Railway. The marbles of this area 
are northeast and southwest from the town a distance of from 
six to twenty miles. Some of these deposits have been located 
for a number of years but it is only within the last year or two 
that anything like active development work has been carried 
on. Most all of these properties are easy of access and fairly 
good wagon roads have been built to them. 

The Jefferson Marble, Mining ft Milling Co. — ^The quarry 
of the Jefferson Marble Co. is northeast from Colville, by 
wagon road, a distance of fifteen miles. The property is sit- 
uated between the north and south forks of Clugston creek 
and consists of twenty-two claims of 440 acres, together with 
the exclusive water right on Clugston creek, which passes 
through the property. The quarry is reached by a fairly good 
wagon road, for a mountain road, which has been constructed 
to it and which has a moderate g^ade for all except the last 
three-fourths of a mile before the quarry is reached and this is 
quite steep. 
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These deposits cover a large area here and are practically 
inexhaustible, at any rate for years to come. They show 
stratification in places while in others they appear massive. 
The atmospheric agencies seem to have little effect on this 
material, at least so far as can be told from field exposures. 
This material varies a great deal in color and it is stated by the 
company that they have twelve distinct colors varying from 
dark blue to pure statuary white, but their most promising 
material is probably their variegated or mottled brown and 
white. This is a very handsome stone and should prove a 
very valuable stone, especially for decorative purposes. The 
marbles in this locality vary somewhat in hardness, as is 
shown by the way in which it has weathered. The property 
is well supplied with water, timber and sand. 

On the surface these deposits are quite badly broken and 
as yet very little depth has been reached in any place, so that 
it is hard to say what the condition will be below the surface. 
The deposits are fairly well situated in places at least for 
economic quarrying and with a channeler blocks 4x4x6 feet are 
being taken out and while they have some checks in them 
they are quite good for surface material. Where the deposits 
show stratification, however, they are steeply inclined, the 
angle of dip being from 60* to 80". 

The company has installed quite a complete plant for 
quarrying and working marble. The quarry is equipped with 
one of the latest improved Wardwell four-foot channeling ma- 
chines, by means of which blocks are cut out on four sides and 
then broken loose on the lower side by means of wedges. In 
addition to the channeling machine the quarry is supplied with 
a large derrick, which is operated by steam, for handling the 
marble. The company has steam drills and all the minor ap- 
paratus needed for operating the quarry. 

A good sized mill has) been built and a 6x14 foot gang saw 
for sawing the marble has been installed ; also a 9-foot rubbing 
bed, and an engine and boiler for driving the machinery. The 
company have their own saw mill and cut their own lumber, 
quite a large amount of which they have used in the construe- 
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tion of buildings for the accommodation of the men employed 
in operating the property. 

Thin sections of the marble from the Jefferson quarries, 
when viewed under the microscope, show that this material 
varies considerably in texture, in some cases the individual 
grains or crystals being very regular in size, while in others 
they vary a great deal, ranging from those that are less than 
I-20 of a millimeter to those that are as much as a millimeter in 
diameter. This material, however, taken as a whole, is very 
fine grained. The crystals or individual particles in this mar- 
ble are very closely interwoven and have only very small 
spaces between them. When viewed in ordinary light these 
marbles have a slightly clouded appearance. In some few 
cases rhombohedral cleavage is quite marked but on the whole 
it is not very common. The microscope shows this material 
to be entirely crystalline and when viewed in polarized light 
twinning is seen to be very common. 

The following chemical analyses of samples, from the Jef- 
ferson quarry, of the pure white marble and the variety having 
a slight pinkish cast show these deposits to be very pure cal- 
cium carbonate practically free from magnesia, iron and alum- 
ina. The sample having the pinkish cast is seen to have more 
silica than the other and a little iron which is probably the 
cause of its color : 

Whlta FlnkiBb. 

aiUca (SI OO a.87 8.49 

Irofa (Fe* O.) None 0.24 

Alumina (Al. O,) None None 

Lime (Ca O) 65.16 51. M 

Magnesia (M« O) a.21 l.ll 

Carbon dioxide (CO.) .... 48.77 42.46 
Water at 110*» C. (H, O) 
and undetermined vah- 

stances None 0.16 

100.01 100.00 

Tests were made on three of the different grades of the 
marble found in these deposits and as shown in Table II. the 
fine grained pure white had a specific gravity of 2.719, a ratio 
of absorption of .35 of i per cent, of its weight, and a pore 
space or porosity of .957 of i per cent, of the mass of the sam- 



112 Annual Report Washington Geological Sanrejr. 

pie. The dark blue marble has a specific gravity of 2.594, a 
ratio of absorption of .07 of i per cent, of its weight, and a por- 
osity of .184 of I per cent, of the mass of the stone. A sample 
of the white and brown, mixed, had a specific gravity of 2.72, 
a ratio of absorption of .12 of i per cent, of its weight and a 
pore space or porosity of .341 of i per cent, of the mass of the 
space or porosity of .341 of i per cent, of the mass of the 
sample. 

Tests were made on the same grade of marble to show 
the loss in weight by freezing and thawing and the results 
are shown in Table III. After being alternately frozen and 
thawed each day for a period of twenty days it was found 
that the pure white had lost .066 of i per cent, of its weight, 
tKe dark blue .05 of i per cent, of its weight, and the white 
with brown had lost .042 of i per cent, of the weight of the 
sample. The white was tested to determine the effect of CO 
in a moist atmosphere and at the end of twenty days a sample 
weighing 45.27 grams had lost in weight .004 of a gram. 

Samples were placed in a muffle furnace and gradually 
heated to a temperature of 800** F. Some of the samples were 
cooled quickly by being taken from the furnace while at the 
above temperature and put into cold water and allowed to re- 
main until cooled, while others were allowed to cool more 
gradually and in both cases the samples were uninjured so far 
as could be told. At 1,200' F. the samples were calcined and 
when cold crumbled to pieces. 

This marble takes a good polish and is easy to work. The 
deposits, in places at least, are quite steeply inclined and con- 
siderably broken on the surface. Some very fine grained and 
quite clear white is found here. The most promising material, 
however, so far found in these deposits is probably the mix- 
ture of the white and yellowish material. This is a very hand- 
some stone and would be well suited for all kinds of ornamen- 
tal work. At the time I visited the property last the work had 
just been commenced on this last named material and the ma- 
terial being taken out was right from the surface and it had 
quite a good many checks and seams in it. All of the material 
from here will have to be transported, at the present time at 
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least, by teams for a distance of fifteen miles, which is an im- 
portant item affecting the cost of this marble. 

Crystal Marble Co. — The marble deposits owned by the 
Crystal Marble Company are situated about seven miles south- 
west of Colville on the right hand bank of Stensgar creek and 
arc in Sees. 26, 27, 34 and 35, T. 34 N., R. 38 E. The company 
has located 1,320 acres of land in this locality for marble. At 
the present time the property is reached by a wagon road 
either from Colville or Addy, but it is the intention to build 
a road to the property, starting at Winslow, which is a small 
station on the S. F. and N. R. R. between Addy and Colville, 
and in this way the distance will be much shortened. The 
altitude of these deposits, as given by aneroid, where the com- 
pany is getting ready to quarry them, is 2400 feet above sea 
level, or 798 feet above the railroad at Colville, which would 
make a very easy grade for a road, and while I was not over 
the route for the proposed new road it was stated to me that 
it would be a very easy road to build. 

This company has done considerable work toward opening 
up their marble deposits, principally, however, in clearing a 
place for the camp, building roads and work of this character. 
These deposits are exposed on the surface in many places so 
that no clearing and uncovering is necessary. As far as can 
be told from field observations it resists weathering well, being 
changed only very little on the exposed surface. The de- 
posits are stratified, the individual layers being very thick 
and usually steeply inclined. The strike is almost due east 
and west and the deposits dip to the north. 

The country rock over a large area here is limestone, which 
is much less broken wherever exposed than it is in many places 
in Stevens county and in fact very good sized blocks should be 
quarried here almost from the surface. The color of this 
marble varies much from pure white to almost black with 
various mixtures and markings of the white and dark. The 
company has a water power right on Stensgar Creek that is 
capable of furnishing power to run the plant. There is also 
plenty of timber on the property for all purposes and taken on 
tfie whole the property is very well situated for economic 
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working. The company intends to install machinery for work- 
ing these deposits as soon as it can be obtained from the East. 

This company had at the quarry (Jan. i, 1903,) ready to be 
installed, the following machinery: Wardwell steam chan- 
neler, a steam gadder, a circular marble saw, lathe and polish- 
ing machine of large capacity, hydraulic ram with necessary 
piping to elevate water from the creek to the quarries proper, 
and three derricks. The company also has a portable steam 
saw mill for cutting lumber. 

Thin sections of these marbles viewed under the micro- 
scope show that the individual grains vary considerable in 
size, ranging from those that are one-fifteenth of a millimeter 
to those that are as much as one millimeter in diameter. The 
pure white is the most coarsely crystalline of all marbles 
found in this locality. The grains in the white marble are 
quite uniform in size and are very closely knit or united to- 
gether. In some of the sections examined there are seams of 
coarse grained material running through the fine grained. 

In ordinary light the sections have a somewhat dirty ap- 
pearance, more marked in places, however, than in others, and 
with well marked cleavage planes. In polarized light poly- 
sinthetic twinning is very noticeable. 

The chemical composition of the marble from these de- 
posits is shown by the following analyses. Two samples were 
analyzed from the Crystal property, one of which was the 
coarse grained white, while the other was somewhat finer 
grained and dark colored. In each case the samples are seen 
to have about the same amount of magnesia and to be dolo- 
mites or magnesian limestones: 

White. Dark. 

Silica (Si O.) 0.91 0.98 

Iron (Fe, O.) None None 

Alumina (Al, d) None None 

Lime (Ca O) 31.80 80.08 

Magnesia (Mg O) 20.68 22.21 

Carbon dioxide (CO,) 46.64 46.70 

Water and undetermined 

substanoeB .' None None 

100.03 99.97 

Samples of the blue, gray and white marbles from the 
quarry of the Crystal Marble Co. were tested to determine the 
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crushing strength and the results are shown in Table I. The 
two samples of the blue which were tested had a crushing 
strength of 24,000 and 23,200 pounds to the square inch and a 
samples of the gray marble were found to have a crushing 
strength of 15420 and 20,600 pounds to the square inch. Two 
modulus of elasticity of 8,250,000 and 5,220,000 pounds to the 
square inch. Three samples of the coarse white marble from 
this property had a crushing strength of from 11,870 to 13,600 
pounds to the square inch, and a modulus of elasticity of from 
2,372,000 to 8,200,000 pounds to the square inch. 

The coarse grained white marble from this property as 
shown in Table II. has a specific gravity of 2.744, while the 
other grades have a specific gravity of 2.875. T^^^ white has a 
ratio of absorption of .17 of i per cent, of its weight and a 
pore space or porosity of .464 of i per cent, of its mass. The 
other samples tested show a ratio of absorption of from .10 to 
.18 of I per cent, of the weight of the samples and a porosity 
of from .291 to .518 of i per cent, of their mass. Samples after 
having been for twenty days in a moist atmosphere containing 
G>t showed the following results: A sam*ple of the coarse 
grained white weighing 59.35 grams was unaffected, while a 
sample of the fine grained blue weighing 47.173 grams had lost 
at the end of the twenty days .004 of a gram. 

Samfples were alternately frozen and thawed each day for 
a period of twenty days and at the end of the period the loss 
in weight was carefully determined, the results being shown 
in Tdible III. The coarse grained white lost .025 of i per cent. 
of its weight, the fine grained dark blue lost nothing, while 
the other samples ranged from .005 to .024 of i per cent, of 
their entire weight. Samples were placed in a muffle furnace 
and gradually heated to a temperature of 800** F. and then 
cooled, some gradually and others suddenly. The samples, 
so far as could be told, were all uninjured. Samples were 
then heated to a temperature of 1,200" F. and when cooled 
were found to be calcined and easily crumbled and when ex- 
posed to the air for ten days had practically fallen to pieces. 

The marble from the property of the Crystal Marble Co. 

takes a good polish, is a trifle harder than the Georgia or the 
8 
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Vermont marble, and has a higher specific gravity than the 
average run of marbles. It is above the average in crushing 
strength, while its ratio of absorption is about normal. This 
marble is well suited for all the ordinary purposes for which 
marble is used, such as exterior building material, interior 
furnishing and decorative purposes, monuments, etc. The 
stone carves well and is suited to carved and ornamental work. 
These deposits diflFer from many of the Stevens county de- 
posits in that they contain nothing but the standard grades 
of marble with the ordinary blue, gray and white colors 
with various mixtures of these. The property is better sit- 
uated with regard to transportation than many of the Stevens 
county deposits and this is a point in its favor. The material 
is not so badly checked and broken on the surface and lies in a 
better position for quarrying than much of the Stevens county 
marble. 

Keystone Marble Co.-*The property of this company is 
about sixteen miles north and a little east of Colville in the 
foot-hills of the western slope of the Pend d'Oreille range of 
mountains, and on the head waters of Qugston creek. The 
deposits are in sections i and 12, T. 37 N., R. 39 E., and are 
reached by a wagon road from Colville to Echo and then up 
Clugston creek for about seven miles. The road to Echo is 
comparatively level, while the road up Clugston creek has a 
gradual ascent but is a fairly good mountain road most of the 
distance. The nearest point to the railroad from this property 
is Bossburg, a station on the S. F. and N., and distant from 
the property eight and one-half miles with an easy grade 
for a road. This company owns four claims of twenty acres 
each or eighty acres in all. In addition to the above the com- 
pany has a water power right on Clugston creek about four 
miles from the quarry. 

Considerable work has been done on this property toward 
opening it up but no machinery has been installed as yet. The 
work has all been done in one place and a depth of about fif- 
teen feet has been reached. Exposures of these deposits vary 
considerably in appearance, in places being quite solid and 
free from checks, while in others they are badly broken on the 
surface at least 
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These deposits vary considerably in color, ranging from al- 
most pure white to almost black. There is also a pinkish col- 
ored marble found in these deposits which is very handsome. 
There are various shades and markings of the ordinary g^ray 
marbles. Exposures of these marbles indicate that they will 
resist weathering well as they are changed but little on the 
surface. The deposits are massive rather than stratified and 
the ridge in which they occur trends almost due north and 
south. The country rock along the road from Echo to the; 
quarry is shale, slate, limestone and marble. 

Thin sections of the marble from these deposits show that 
there is considerable variation in the size of the individual 
particles composing them, the white, some of it at least, being 
the coarsest grained of these deposits, the grains being as 
much as one and one-half millimeters in diameter, while the 
smaller ones are not more than one-tenth of a millimeter in 
diameter. In ordinary light the sections have a more or less 
clouded appearance and in places show very plainly the char- 
acteristic calcite cleavage. The grains are irregular in outline 
and appear to interlock in rather a complex manner. In 
polarized light the light and dark bands due to polysynthetic 
twinning so common in calcites are very marked. 

The following chemical analyses show the composition of 

three of the different varieties of the marble found in these 

deposits. The one marked dark gray was almost black : 

Dark 
White. Gray. Gray. 

SUlCA (81 O,) 0.98 0.82 1.89 

Ferric iron (Fe, O.) Trace Trace 

Ferroin Iron (Fe O) Trace 

Ai^Tnlna (Alt O.) 

Ldme (Ca O) 63.96 64.81 42.60 

Ma^neeia (Mg O) 1.26 0.70 10.06 

Carbon dioxide (C O,).. 43.76 43.66 44.63 

Water at 110" C. (H, O) 

Water abore llO"" C. (I^ 
O) 



99.96 99.89 100.17 

From the above analyses it is seen that the marbles from 
these deposits, with the exception of the very dark gray, are 
practically free from magnesium and all impurities of an in- 
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jurious nature. The composition of this marble is practically 
the same as that from the quarry of the Jefferson Marble, 
Mining & Milling Co., as shown in Table V. 

Two samples of the coarse white marble from the Keystone 
Marble Company's property were tested and as shown in 
Table I had a crushing strength of 6,280 and 11,600 pounds 
to the square inch, with a modulus of elasticity of 5,780,000 
pounds to the square inch. Samples of the blue marble from 
the same property had a crushing strength considerable 
greater, being 14,360 and 16,000 pounds to the square inch for 
the two samples tested. The modulus of elasticity was 9,- 
014,000 and 11,330,000 pounds to the square inch. This marble 
has a specific gravity of 2.734. The ratio of absorption of the 
coarse white is .1 of i per cent, of its weight and of the light 
blue 1.02 per cent, of the weight. The pore space or porosity 
of the coarst white is .364 of i per cent., while that of the light 
blue is 2.83 per cent, of its mass. 

Samples of the coarse white and the white and blue mixed 
were exposed for a period of twenty days in a moist atmos- 
phere of Cot, after which they were weighed and it was found 
that a sample of the white weighing 4243 grams had lost .01 
of a gram, while a sample of mottled blue and white weighing 
8.505 g^ams lost in weight .005 of a gram. Samples were 
tested to determine the effect of high temperatures by grad- 
ually heating them to a temperature of 800* F. and cooling 
some of them suddenly, while others were allowed to cool 
slowly, and in both cases the specimens appeared but little in- 
jured. At 1,200* F. the samples were calcined and practically 
destroyed and after being exposed to the air for a few days 
crumbled and fell to pieces. 

Tests were also made by alternately freezing and thawing 
each for a period of twenty days and at the end of this time the 
samples were weighed and as shown in Table III. the coarse 
white lost .058 of i per cent., the white and blue lost .043 of 
I per cent., and the light blue .002 of i per cent, of the entire 
weight of each. 

The crushing strength of the marble from the property of 
the Keystone Marble Co. is about equal to that of the better 
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grades of marble being produced in the United States. 
The specific gravity and ratio of absorption are about the same 
as they are in other marbles. This marble takes a very high 
polish and is easy to work. The property contains a number 
of different grades and colors, the predominating colors, how- 
ever, are the standard white, gray and blue, with mixtures of 
these in varying proportions. There is also some white mixed 
with yellow, which if it occurs in any quanity it would be a 
valuable decorative stone. The deposit is some distance from 
a railroad and the material would have the additional expense 
of being hauled by teams for several miles. 

The Standard Marble-Onyx Co. — ^This company has some 
property in sections 13 and 18, T. 35 N., R. 39 and 40 E., and 
about four miles east and a little south of Colville. The prop- 
erty is very easy of access, there being a good wagon road 
that passes along one side of the property. This is one of the 
oldest marble locations of any place in Stevens county. The 
company owns 652 acres in this tract. 

These deposits are massive and rise up from the road and 
bottom of the gulch to an altitude of one hundred feet. The 
deposits are considerably broken on the surface, and depth at 
least would have to be obtained before good sound marble 
could be found. The principal color is a gray with more or 
less white mixed through it. The deposits seem to have a 
fairly uniform texture throughout. This material has been 
burned for lime, but it does not make a good lime, which is 
probably on account of the large amount of magnesia in the 
deposits. These limestone deposits occur in contact with 
granites and are found lapping up onto them. 

Thin sections of this limestone when viewed under the 
microscope show it to be made up of grains which vary in size 
from those that are not more than one-twentieth of a milli- 
meter in diameter to those that are one millimeter in diameter. 
The individual particles are irregular in outline, are very close 
together, and interlock very firmly. In ordinary light it has 
a somewhat clouded appearance and very few cleavage planes 
are noticeable. In polarized light the polysynthetic twinning 
of the calcites is quite noticeable. 
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The following chemical analysis shows the composition 

of the material from the deposits owned by the Standard Mar- 

ble-Onjrx Co.: 

SUlca (81 OJ 0.8S 

Ferric iron (Fqi O,) 0.6S 

Ferrous iron (Fe O) Trace 

Alumina (Al. Og) 

Ume (Ca O) 82.77 

Magnesia (Mg O) 19.02 

Carbon dioxide (C OJ 46.78 

Water at 110* C. (H. O) 

Water above 110* C. (H, O) 

99.97 

The analysis shows this marble to contain a considerable 
amount of magnesia and it what would be called a magnesium 
limestone. 

One sample of this stone was tested and found to have 
a crushing strength of 21,500 pounds to the square inch and a 
modulus of elasticity of 5,120,000 pounds to the square inch. 
The specific gravity as shown in Table II. is 2.873, ^^^ ratio of 
absorption is .16 of i per cent, of its weight, and the pore space 
or porosity was found to be 455 of i per cent, of the mass of 
the stone. A sample after having been alternately frozen and 
thawed each day for a period of twenty days was found to 
have lost .008 of i per cent, of the weight of the sample. After 
having been for a period of twenty days in a moist atmosphere 
containing CO* it was found that a sample which originally 
weighed 63.375 grams had lost .001 of a gram in weight. 

Samples were placed in a muffle furnace and gradually 
heated to a temperature of 800** F., after which some of them 
were allowed to cool slowly, while others were cooled sud- 
denly. In each case the samples were practically uninjured. 
Samples were then heated to a temperature of 1,200' F. and 
allowed to cool slowly. When cooled they were found to be 
calcined and after being left in the air for a few days they 
crumbled and fell to pieces. 

The Colville Marble Co. — The property of this company is 
situated on the north fork of Mill creek about sixteen miles 
northeast of the town of Colville. The company has located 
a large tract of land in this locality for marble, there being 
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about one thousand acres in all. The property is reached 
by a wagon road from Q>lville up Mill creek and for a con- 
siderable part of the distance it is a very good road for a moun- 
tain road. The deposits are from 2,500 to 3,000 feet above sea 
level or 898 to 1,398 feet above Colville, which is the nearest 
point on the railroad. 

Very little work has been done on any of the deposits in 
this locality and for that reason it is not possible to say what 
will be found when depth is obtained but on the surface the 
deposits are badly broken. There are a number of colors 
shown in this locality varying from almost pure white to 
black. The black material occurring in this property and 
designated as black marble is more of a calcareous shale than 
anything else and is very badly broken, so that nothing but 
very small pieces could be obtained. The texture of the ma- 
terial of these deposits varies considerable, in some cases being 
quite fine, while in others it is what would be called rather 
coarse. 

Along the road up Mill creek shales and slates are the 
prevailing formations. At the old mill site a short distance 
up the stream limestone occurs and a hole has been drilled 
to a depth of eleven hundred feet in prospecting for oil and 
it is said to be in limestone for the entire distance. 

An examination of specimens of these marbles under a 
strong magnifying glass shows that it varies from a fine to 
quite a coarse texture but the grains in any one sample seem 
to be quite uniform in size. 

The following chemical analyses show the composition of 

the cream white and the very dark gray or almost black : 

Dark 
Wblte. Gray. 

SlUca (Si O,) 2.61 8.12 

Ferric iron (FOt 0«) 0.12 

Feorrous iron (Fe O) 0.81 

Alumina (Al. 0«) ..... 

Lime (Ca O) 63.68 62.04 

Magnesia (Mg O) 0.76 0.67 

Carbon dioxide (CO,) 42.89 48.22 

VNTater at 110* (H, O) 

Water above 110"* C. (Ht O) 

99.94 99.98 
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The analyses show these deposits to be quite free from im- 
purities with the exception of a small amount of silica. The 
dark gray sample also contains a little iron and this is probably 
the cause of its color. 

The marble deposits of this area are situated on the east, 
north and west sides of the town and distant from it from 
three to ten miles. The deposits are situated in the foot hills 
and easy of access as good wagon roads are already con- 
structed. These deposits have not been developed to as great 
an extent even as some of the other deposits in Stevens county 
and in fact most of them have been located within the last two 
or three years ; some of them, however, have been located con- 
siderably longer. The occurrence of these deposits in general 
is similar to that of the others in Stevens county, being found 
in conection with granite, quartzite, shales and slates. 

Chewelah Area. 

The Great Western Marble Co.— The Great Western Mar- 
ble Co. owns 120 acres about four miles northwest of Chewelah 
in Sec. 32, T. 33 N., R. 40 E. and 80 acres in Sec. 14, T. 33 N., 
R. 38 E. The property in Sec. 32 is very easy of access as it 
is only a short distance from tne Spokane Falls & Northern 
Railroad, and the place where the company has started to open 
up the deposit is not more than about one-fourth of a mile 
from the railroad. The altitude of the quarry opening is but 
little above the railroad and a tram could be easily constructed 
from it to the railroad. 

The company had not done a very large amount of work 
last July toward the development of its property and in fact 
was just beginning active operation. A few small openings 
had been made but not enough work had been done in any one 
place to show anjrthing very definite. These deposits vary 
in color, in places being very light colored and almost white, 
while in other places they are very dark red with almost every 
variation between these two that may be produced by diflFerent 
combinations of the red and light colored material. The de- 
posits are not very distinctly stratified but are as a general 
thing what would be called massive. They resist well the 
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action of the atmospheric agencies and are little decomposed 
even on the surface. The material is somewhat broken on the 
surface. The company is putting up a plant in Seattle for 
cutting and polishing their material and working it in general. 

Thin sections of the m'aterial from these deposits when 
viewed under the microscope show that in the main the in- 
dividual particles composing the marble are very small and of 
quite uniform size with the exception of an occasional very 
thin seam in which the grains are much larger. In ordinary 
light the thin sections have a very dirty appearance and are 
almost opaque. They show very plainly dark and light ir- 
regular bands crossing the sections which give to it a banded 
or schistose structure. There are also occasional small seams 
of quartz found in the sections. In polarized light the ap- 
pearance is much the same as in ordinary light, none of the 
marked characteristics of calcite being very noticeable. 

The following chemical analyses show the composition of a 

sample of the pinkish white and also tlie dark pink colored 

material from these properties. They contain considerable 

silica and magnesia and are quite hard : 

Plnkiflfti Dark 

White. Pink. 

Silica (8i OJ 6.28 17.69 

Ferric iron (Fe, O,) 0.64 0.66 

Ferrous iron (Fe O) 1.01 1.06 

Alumina (AI, O,) 2.68 0.48 

Ume (Ca O) 28.83 26.52 

Mafi^mesia (M« O) 17.28 16.46 

Carbon dioxide (C OJ 44.27 38.26 

Water at 110'' C. (H. O) Traoe 

Water above 110"* C. (H. O) 

99.89 99.92 

Samples of the marble from the property of the Great 
Western Marble & Onjrx Co. were tested and as shown in 
Table I. they had a crushing strength of from 14,560 to 20,950 
pounds to the square inch and a modulus of elasticity of from 
5>537>ooo to 8,682,000 pounds to the square inch. It has a 
specific gravity of 2.874, a ratio of absorption of .03 of i per 
cent, of its weight and a pore space or porosity of .078 of i 
per cent, of the mass of the stone. Samples were alternately 
frozen and thawed each day for a period of twenty days, at 
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the end of which time they were weighed and found to weigh 
the same as they did before being frozen. 

As shown by the tests this marble is above the average in 
crushing strength, has a high specific gravity and a very low 
ratio of absorption. It is well situated as regards transporta- 
tion facilities, being only a very short distance from a rail- 
road. The stone takes a good polish but is quite hard and 
this will tend to make it expensive to cut and polish this 
marble. The stone, however, when finished is very handsome 
and it may be that it will stand this expense. 

The Royal Serpentine Marble Company.— This property 
is situated five miles almost due east from Chewelah and con- 
sists of i6o acres of deeded land. It is in Sec. 9, T. 32 N., R. 
41 E. The property is easy of access and a fairly good w^agon 
road has been constructed to the property. It is in the foot- 
hills of the mountains to the east of Chewelah at an altitude 
above the sea level of 2,510 feet, as indicated by barometer, or 
820 feet above the valley at Chewelah. 

Very little work has been done toward opening up or de- 
veloping this property. A few small openings, however, have 
been made and some samples taken out. These deposits are 
distinctly stratified and dip to the north at an angle of 45*. 
The color varies considerable but some shade or marking of 
green is the prevailing one. In places, however, a light gray 
is found. These deposits appear fairly solid and in places, at 
least, some medium sized blocks could be obtained even on the 
surface. These deposits occur in contact with granite and in 
places the granite comes to the surface on the tops of the hills 
and the limestone is found on all sides and practically sur- 
rounding it. Quartzite is also found in this locality. 

Thin sections of this material when examined under the 
microscope show it to be a mixture of serpentine and calcium 
carbonate. It is what would be called fine grained and the 
individual particles of calcite are of quite uniform size. In 
places grains of serpentine are found which are as much as 
three millimeters in diameter, while in other cases they are 
less than one millimeter in diameter. Viewed in ordinary 
light the sections have a clouded and dirty appearance. In 
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polarized light the polysinthetic twinning of the calcite is very 
noticeable, while the serpentine shows a very marked mesh 
structure. In places the serpentine occurs in distinct grains, 
while in others it is more of an amorphous mass disseminated 
throughout the stone. 

The following chemical analysis shows the composition of 

the material from these deposits : 

Silica (81 OJ 17.67 

Ferric Iron (Fe, O,) 0.92 

Ferrous Iron: (Fe O) 0.62 

AlunUna (Al, O.) 4.61 

Ume ((>i O) 30.92 

Magnesia (Mg O) 16.82 

Carbon dioxide (CO,) 26.08 

Water at 110<> C. (H, O) 

Water above 110<> C. (H. O) 8.86 

100.00 

From the above analysis it appears very probable that the 
silica and all the magnesia are united to form the serpentine 
and that calcium carbonate occurs as pure calcium free from 
magnesia. 

The samples of the marble from the property which 
were tested had a specific gravity of 2.817, a ratio of absorp- 
tion of .06 of I per cent, of the weight of the sample, and 
a pore space or porosity of .175 of i per cent, of the mass 
of the sample. After having been alternately frozen and 
thawed each day for a period of twenty days it was found that 
it had lost .031 of i per cent, of its weight. It was subjected 
to a moist atmosphere, containing COt, for a period of twenty 
days and at the end of this time it was found that a sample 
weighing 57.12 grams had not diminished in weight. Samples 
heated to a temperature of 800"* F. and cooled either gradually 
or suddenly were but little affected. When heated to a tem- 
perature of 1,200'' F. and cooled the samples had changed to a 
much lighter color, but were not calcined as most of the other 
marbles were and were not materially affected. 

Columbia Marble and Onyx Co.— The Columbia Marble 
and Onjrx Co. have two hundred acres of land situated three 
miles almost due east of Chewelah in Sees. 7 and 8, T. 32 N., 
R. 41 E. The property is very easy of access, there being a 
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good road from Chewelah to it. The altitude of this deposit 
where the company has commenced to open a quarry is 1,900 
feet above sea level or 210 feet above the railroad at Chewelah. 

Very little work has been done on this property, only a 
few small openings having been made, and these do not show 
very much as regards the deposits. The country here is not 
as rough and broken as it is in connection with some of the 
other marble deposits of Stevens county. The deposits do not 
show any very distinct bedding planes but are considerably 
broken by joints and seams running through them. The 
material in these properties varies considerable in color, rang- 
ing from almost pure white through various' shades of grays 
and in some places greens are found. The material is of 
medium grain and quite uniform. There is a small stream 
running through the property that would furnish power for 
driving machinery for working the deposits. The deposits lie 
practically flat or level and rise only a short distance above 
the valley. The principal formations in this locality, aside 
from the marble, are granite, quartzite and slate, and the 
limestones or marbles are found in contact with the granite 
and in places the marble is found lapping up onto either side 
of the granite ridges. This marble is harder than most mar- 
bles and should resist weathering quite well. 

The following chemical analysis shows the composition of 

a sample of the white marble from these deposits : 

SlUca (81 O,) 0.17 

Ferric iron (Fe, O.) 

FerrouB iron (Fe O) Trace 

Alumina (Al, Ot) 

Ume (Ca O) 43.24 

Magnesia (Mg O) 10.78 

Carbon dioxide (C Ot) 46.76 

Water at 110* C. (H, O) 

Water above 110« C. (H, O) 

99.94 

From the above analysis it is seen that the marble from 
these deposits contains magnesia enough so that they would 
be classed as dolomites. The material from here takes a 
very high polish and is not as hard but what it can be easily 
worked. 
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The samples of the white marble from the property of 
the Columbia Marble Onyx Co., which were used in making 
the physical test, were found to have a specific gravity of 
2.754, a ratio of absorption of .15 of i per cent, of their weight, 
and a pore space or porosity of .38 of i per cent, of the mass 
of the samples. Tests were made by alternately freezing and 
thawing each day for twenty days samples that were saturated 
with water and at the end of the period it was found that 
there had been a loss in weight of .046 of i per cent. A 
sample of this marble was exposed for a period of twenty days 
in a moist atmosphere of CO* and at the end of the time it was 
found that a sample weighing 5841 grams had lost .005 of a 
gram in weight. Samples were tested by being placed in a 
muffle furnace and heated to a temperature of 800^ F. and 
some of them allowed to cool slowly, while others were cooled 
suddenly. In neither case were the samples materially in- 
jured. When heated to a temperature of 1,200'' F. and cooled 
they were found to be ruined and in a few days' exposure to 
the air fell to pieces completely. 

Standard Marble-Onyx Co. — ^The property owned by this 
company in this locality is about five miles southwest from 
Chewelah and consists of 160 acres of land. It is in Sec. 19, 
T. 32 N., R. 40 £. The property is easy of access and a good 
road could be easily constructed to it. 

The company has done very little work on the property up 
to the present time but an order has been placed for a very 
complete quarry outfit and it looks as if it is the intention 
to begin work at once. The deposits occur on either side 
of a narrow gulch and rise in precipitous blu£Fs as much as 
one hundred feet above it. This material varies in appearance, 
there being various shades and colors. The prevailing color, 
however, is dark red. These deposits are badly broken on the 
surface, but may improve as depth is reached. The material 
in these deposits is very fine grained and somewhat harder 
than ordinary marble. These deposits occur in contact with 
slates and in fact the country rock is principally slate in this 
immediate locality, while along the road to the north of these 
great bluffs of quartzite are found. 
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Chewelah Mottled Marble Co. — ^Almost due west from 
Chewelah, a distance of one and a half miles, is situated the 
property of this company, consisting of eighteen acres of land, 
fifteen of which are marble land. The wagon road from Col- 
ville to Sprindale passes by the property and makes it very 
easy of access. 

These deposits rise in a steep bluff from forty to fifty feet 
above the wagon road but do not extend very far back to the 
west from it and it appears to be only a local occurrence of 
this material. To the north of these deposits, which extend 
along the road for about one-half a mile, immense bluffs of 
massive quartzite are found, while to the west of them are 
slates. These deposits are massive and show various colors 
and combinations of colors, the prevailing ones, however, be- 
ing reds of different shades. The deposits lie on the face of a 
ridge which extends almost due north and south. 

The following chemical analysis shows the composition of 

an average sample of the material from this deposit: 

SUlca (SI O,) 23.98 

Ferric Iron (Fe, O,) 0.96 

Ferrous iron (Fe O) 0.44 

Alumina (Alg O.) 

Lime (Ca O) 22.61 

Magnesia (Mg O) 16.43 

Carbon dioxide (CO,) 35.61 

Water at 110* C. (H, O) 0.26 

Water above 110*» C. (H, O) 

100.19 

From the above analysis it will be seen that there is a large 
amount of silica, which exists as free silica, and this accounts 
very largely for the extreme hardness, brittle, and flinty char- 
acter of the material. It also contains some magnesia and 
this also has a tendency to make it hard. The stone is very 
fine grained, would have a very low ratio of absorption, and 
should resist weathering well, but is so hard that it would 
be very expensive to work and it is very doubtful if it has 
much commercial value at the present time at least. 

Northwestern Marble Co. — In Sec. 30, T. 32 N., R. 40 E. 
is located the deposits owned by the Northwestern Marble 
Co. This property consists of one hundred and sixty acres 
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of land, four and one-half miles southwest from Chewelah, 
which is the nearest point on the Spokane Falls & Northern 
Railway. This property was not visited by me and I know 
nothing about it except what I have been told. There is said 
to be a large body of marble at this place, the deposit be- 
ing one-fourth of a mile wide, one-half a mile long, and 
showing an initial depth of 200 feet. The prevailing colors 
are from almost pure white, through various shades of blue, 
yellow and browns, with veinings of black and green. 

In Sec. 18, T. 32 N., R. 41 E. limestone deposits are found 
and some of it has been used from which to manufacture lime. 
It varies in color in different parts of the deposits in places 
being almost white, while in others it is a very dark blue, 
and still others it has more or less of a greenish color on ac- 
count of its having serpentine mixed with it. 

The following chemical analysis shows the composition of 
the dark almost black variety that has been used in the manu- 
facture of lime : 

SUlcsa (81 Ot) 15.18 

Ferric Iron (P©, Oi) 

Ferrous iron (Fe O) Trace 

Alumina (Al, Oi)) 

Lime (Ca O) 27.69 

Magnesia (Mg O) 17.02 

Carbon dioxide (CO,) 40.66 

Water at 110« C. (H, O) 

Water above 110* C. (H, O) 

100.44 
BossBURC Area. 

Bossburg is a small town on the Spokane Falls & Northern 
Railway, one hundred and eleven miles north and a little west 
of Spokane. The marble claims that have been located in this 
locality are across the Columbia river from Bossburg and 
northwest from it a distance of two and one-half miles. All 
the claims examined are in Sec. 13, T. 38 N., R. 37 E. The 
altitude of these deposits is from six to eight hundred feet 
above the Columbia river at Bossburg, and they could be 
easily reached by wagon road from this place. 

But little work has been done on any of the claims located 
in this district, a few small openings only having been made 
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and in some .cases at least these have been made mainly with 
powder and the marble injured more or less. The deposits 
through this locality vary in color fnom a fairly pure white 
to various shades and markings of graiy and white. They vary 
somewhat in texture but in most cases are quite coarse 
grained. These deposits are distinctly stratified and lie prac- 
tically horizontal and have every appearance of weathering 
very slowly. 

The following chemical analyses show the composition 
of the white and light gray marbles from this locality: 

White Light Gray 

Smoa (8i OJ 2.49 0.13 

Ferric iron (Fe^ Ot) 0.49 

Ferrous iron (Fe O) Trace 

Alumina (Al, O 0.49 

Ume (Ca O) 31.66 64.96 

MagDieeia (M« O) 18.66 0.64 

Carbon dioxide (C OJ 46.91 44.92 

Water at 110" C. (H, O) . . Trace 

Water above 110** C. (H, O) Tntoe 

99.96 99.84 

From the above analyses it will be seen that some of the 
marbles from these deposits are dolomites and contain much 
magnesia, while in other places they are practically free from 
magnesia. 

The samples of marble from this locality which were tested 
show it to have a specific gravity of 2.73, a ratio of absorption 
of .24 of I per cent, of its weight, and a pore space or porosity 
of .486 of I per cent, of its weight. Samples when heated to 
a temperature of 1,200° F. and cooled were found to be cal- 
cined and ruined. At a temperature of 800** F. the samples 
even when cooled suddenly were but little injured. 

This marble takes a good polish and is easily worked and 
would be suitable for either exterior building material or 
interior finishing work. 

Ryan Area. 

Florentine Marble Co. — Ryan is a station on the Spokane 
Falls & Northern Railway, one hundred and eighteen miles 
from Spokane. The marble quarry that is being opened up 
here is one mile up the river from the station but it is right 
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along by the side of the track and a short spur could be put in 
which would make it very easy to market the marble as it 
could be loaded directly from the quarry or mill on the 
cars. The property owned by the Florentine Marble Co. is in 
Sec. 12, T. 38 N., R. 38 E., and consists of 312 acres of land. 

The marble occurs on the face of a bluff that rises from 
the Columbia river to an altitude of perhaps 150 to 200 feet 
but does not extend back from the river to any very great dis- 
tance. There has been considerable development work done 
toward opening up the deposits but no stone had been quar- 
ried at the time I was there (July, 1902). Across the Col- 
umbia river are large bluffs of limestone which appear similar 
to the material being worked by this company. The deposits 
of the Florentine Marble Company show somewhat of a bed- 
ded structure, are fine grained, mostly of a light gray color and 
a little harder than most marble but still not hard enough so 
but what they can be easily worked. 

The following chemical analysis shows the composition of 

the material from these deposits : 

SlUoa (81 Ot) 1.00 

Ferric Iron (FOt O,) 

Ferrous Inm (Fe O) 

Alumina (Als O.) 

Ume (Ca O) 63.96 

Magnesia (Mg O) 1.60 

Carbon dioxide (CO,) 43.27 

Water at 110« C. (H, O) Trace 

Water above llO"" C. (H, O) 

99.88 

The above analysis shows these deposits to be practically 
free from magnesia and to contain very little impurities of any 
kind. 

Marble Area. 

Columbia River Marble ft Lime Co. — Marble is a small 
town on the Spokane Falls & Northern Railroad one hundred 
and twenty-two miles distant from Spokane and the lime- 
stone deposits are one mile farther up the railroad. What is 
known as the Columbia River Marble & Lime Co. have five 
claims located here. These claims are in Sees. 22 and 27, T. 39 
9 
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N., R. 39 E. and are very easy of access as the railroad passes 
through them and a spur could be built and the material 
loaded on the cars at very little expense. 

These deposits vary much in color, ranging from light gray 
to almost black. Very little work has been done here and the 
deposits are not very promising for marble so far as the sur- 
face indications are concerned. The material is fine grained 
but the deposits are so badly broken on the surface at least 
that no very large blocks could be obtained. The deposits 
are stratified in places at least. Much of the limestone in this 
locaUty is covered with a layer of g^vel and sand, which 
varies in thickness from six to fourteen feet. In places, how- 
ever, the limestone rises above this layer of sand and gravel 
and occurs as steep bluffs of limestone frcMn ten to thirty feet 
high. 

Box Canyon Area. 

Toronto Marble Co. — On the Pend d'Oreille river, sixty 
miles north of the town of Newport at what is known as Box 
Canyon the Toronto Marble Company owns three hundred 
acres of marble land. This property is in Sec. 20, T. 38 N., R. 
43 E. and on the east side of the river. Newport is a small 
station on the main line of the Great Northern Railway and 
is distant from Spokane about forty miles. The property is 
easy of access as the Pend d'Oreille river is easily navig^le 
from Newport to Box Canyon. Various colors are found 
here from pure white to quite dark blue, with various shades 
and markings of these. There is also a cream colored variety 
that is very handsome. The deposits are said to be very ex- 
tensive, occurring in bluffs which rise five hundred feet above 
the water. I have had some very promising looking hand 
specimens from these deposits but as stated elsewhere in this 
report it is not possible to tell from hand samples very 
much about a quarry and it has not been possible for me to 
make a personal examination of this property. The marble 
takes a very high polish and if the deposits are not badly 
broken and large blocks can be obtained this should become 
a very important marble quarry. 
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Tests were made on two of the different grades of marble 
from this property to determine the crushing strength and 
modulus of elasticity and as shown in Table I. the white had 
a crushing strength of 19,830 and 24,510 pounds to the square 
inch and a modulus of elasticity of 7,865,000 and 7,071,000 
pounds to the square inch. The dark gray had a crushing 
strength of 15420 and 23,160 pounds to the square inch with 
a modulus of elasticity of 2,646,000 and 3,660,000 pounds to the 
square inch. 

The crushing strength of this marble as shown by the 
above tests is considerable above the average of the marbles 
being quarried in the United States. 
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TABLE IV— EFFECT OF CARBONIC ACID IN A MOIST AT- 
MOSPHERE ON SAMPLES OF MARBLE 

Time 30 Day* 




The United States Marble Co. 

MartdeCo 

Martde Co 

The Jefferaon Marble, Mining and 

Milfing Co 

The TenerBon Marble, Mining and 

Milling Co 

Toronto Marble Co» 

The Standard Marble and Onvx Co.... 
The North American Marble and 

Onyx Co „ 

Columbia Marble and Onyx Co.. 

Spokane Marble Co.. .... 

Crystal Marble Co 

Crystal Marble Co 

Crystal Marble Co 

CrysUl Marble Co 

Hertxell and Kyle 

The U. S. Marble Co., hx>m Bossburg. 



Diamond black 

Coarse white 

White and blue 

White with yellow 

Pine white 

Blue and white 

Blue 

Pink with white 

White 

White with green- 

Coarse white 

Coarie white 

Pine blue 

Mottled blue and white. 

Fine grained dark 

Gray and white 



In 


In 


grams 


grams 


65.090 


65.015 


68.505 


68.500 


63 5S3 


^•545 


66.510 


4S.a66 


66.505 


^•375 


63.374 


48.013 


48.0x0 


58.4110 
46.640 


%n 


59.350 


59.350 


42.175 


42.172 


47.173 


47.169 


50.795 


50.79a 


57.120 


57.iao 


54-895 


54.880 



•OQI5 
.0X0 
J0O$ 

m£ 

.004 
.005 
.001 

.003 
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TABLB VL-CRUSHING STRENGTH IN POUNDS PER SQUARE 
INCH, SPECmC GRAVITY AND RATIO OF ABSORPTION OF 
BUILDING STONE OCCURRING OUTSIDE OF WASHINGTON. 



IfOCATION OP STOMX 



CompArmtive 
Strensth in 
Poimasper 
•quareiach 



Specific 
Onvity 



Ratio of 
Absorption 



GRANITE 



MonteUo, Wlacoasixi 

Granite City. Wisconsin 

Berlin, Wisconsin , 

Granite Heights, Wisconsin .. 
Bast St. Cloud, Minnesota.^... 

Sank Rapids 

Beaver Bay, Minnesota. 

Pourche Mountain, Arkansas 
Pourche Mountain, Arkansas 
Pourche Mountain, Arkan 

Little Rock, Arkansas 

Littie Rotk, Arkansas 

Milbridge, Maine 



43.973 
a5,ooo 

33.747 
16,733 

38,000 
31,50b 

30,750 

2,000 
.700 

31,500 

3S,388 
17.407 
I9.9«7 



a-639 


.079 


3.675 


.133 


a-643 
3.631 


.x8o 


a.693 


3.59 


a.7ie 


.190 


3.69 


.140 


3.643 


1-1673 


3.635 
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SANDSTONE 



(6) 



Hintkley, Minnesota. 

Dresbach, Minnesota.. 

Jordan, Minnesota 

Ablemans, Wisconsin 

Ablemans, Wisconsin 

Ablemans, Wisconsin 

Ablemans, Wisconsin 

Dunnville, Wisconsin 

Port Wing, Wisconsin 

Houghton, Wisconsin 

LaValle, Wisconsin.. 

Bayfidd, Wisconsin 

Birdsboro, Pennsylvania.. 

Waltonville, Pennsylvania 

Waltonville, Pennsylvania.. 

Lumberville, Pennsylvania 

Laurel Run, Pennsylvania 

White Haven, Pennsylvania 

Portland, Connecticut 

Middletown, Connecticut 

E. Longmeadow, Massachusetts 

Medina, New York 

Marquette, Michigan.. 

SL Anthony, Indiana. 

Riverside, Indiana » 

Riverside. Indiana 

Worthy, Indiana 

Berea, Ohio.. 

Hummelstown, Pennsyluania ... 

Gunnison Colorado 

Cleveland, Ohio 

V. Amherst, Ohio.. 

Angel Island. California 

San Jose, California 

Bass Island, Wisconsin 



xo,ooo 
6,500 

11,030 
8,600 
10,056 
3,502 
5498 
4.549 

1:^ 

".448 
14.000 

".730 

«,350 

17,600 

13,^ 
6,350 

13,330 

16,031 

6,150 

3.000 
6,100 
6,800 

6335 
11.313 
13310 

5450 
4.574 
3400 

4350 



I: 



S.470 
3.380 
S.340 



3.601 
3.638 



».639 
iViio* 



3.660 
3.660 



3.350 
3.360 
3.480 
S.400 



3.IT0 



3.300 

3.340 
3.140 

».730 
S.640 



4-8B 
11.48 
13.69 



15«130 
10.330 



4.760 
1-37 



1-900 



1-40 
1-40 



»-53 



3/40 

«/a5 
1/50 



1/30 



.090 
J/37 
1/99 
1/31 
1/16 
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CHAPTER VII. 
CONCLUSIONS. 



A comparison of the results of the physical tests made on 
the building stones of Washington in the preparation of this 
report with those from other places as shown in Table VI. 
will be helpful in determining the quality of Washington 
stone. The results of the chemical analyses are shown in 
Table V. 

The gr^anites being quarried in Wtohington at the present 
tim*e are all of them about the same color, a light gray. The 
crushing strength ranges from 10,730 to 16,610 pounds to the 
square inch which is perhaps rather below the average for 
fhe granites that are being quarried in the United States. As 
has been already shown, however, those having the minimum 
strength are much stronger than is necessary for building pur- 
poses. The specific gravity of the Washington granite is 
practically the same as that of the best granites that are being 
quarried in other states. The ratio of absorption is a trifle 
higher than that of most granites but at the same time is not 
high enough to injure it in the least. The greatest ratio of 
absorption was in that from the Little Spokane river and it 
was only .69 of i per cent, and the least was in the sample 
from the Snake river where it was .36 of i per cent The 
weight of the granite per cubic foot from the different locali- 
ties differed less than four pounds and the average weight is 
165 pounds to the cubic foot. The stone does not resist high 
temperatures very well being considerably injured at 800® F. 
to 1200** F. 

The granite being quarried in Washing^ton is a very good 
building material as shown by the comparison of it with other 
granites and by careful examinations of buildings where it has 
been used. 

The sandstones that are being quarried in Washington at 
the present time have a crushing strength ranging from 3,280 
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to iififyo pottnds to the square inch and compstrc very favor- 
ably in this respect with many of the best sandstones that are 
being quarried in other states and in most cases at least is suf- 
ficient for use in the construction of any building. The speci- 
fic gravity is higher than that of most sandstones. The weight 
per cubic foot as determined in the laboratory is from 143*369 
tx> 166,612 pounds. The percentage of pore space or porosity 
in one case is as high as 18, but in most cases is about 10, 
which is about the same as that of many of the best sand- 
stones. The sandstones of Washington vary somewhat in 
color and range fnom those that have a light color to those 
that have a dark color with a g^eeni^ cast to them. 

The marbles of Washington occur principally in Stevens 
county. They are of various colors and range in texture from 
those that are very fine to those that arc very coarse. The 
composition is quite variable in some cases being almost pure 
calcium carbonate, in others being magnesium carbonate with 
only traces of calcium carbonate, while in still others mixtures 
of calcium and magnesium carbonate are found in which there 
is mbre or less serpentine. The samples of marble used in 
making the physical tests s^hown in this report were peiiiaps 
hardly fair samples on account of the fact that many of the 
quarries are not developed to any extent as yet and the sam- 
ples were necessarily from material that would not be as solid 
as it would be when a greater depth is reached. The results, 
however, of the tests of crushing strength show that the Ste- 
vens county marbles compare very favorably, as far as strength 
is concerned, with the best marbles from other parts of the 
United States. The specific gravity of these marbles is above 
the average being as high as 2.90S in the case of the "Diamond 
Blarck" from the quarry of The U. S. Marble Co. This same 
material also had the highest crushing strength of any sam- 
ple tested, being 31,710 pounds to the square inch. The aver- 
age specific gravity was about 2.75, which is about the same as 
that of the Georgia marbles. The porosity of the Washing- 
ton marbles is low, being in all the samples tested, with the 
exception of two, less than i per cent. 

In but very few cases have the marble deposits of Wash- 



MICROPHOTOGRAPHS 



OP THIN SKCTIONS OK 



GRANITE, BASALT, TUFA, SANDSTONE, MARBLE. 
SERPENTINE AND LIMESTONE. 

(Magnified Twenty Diameters.) 



PLATE Vni-MICROPHOTOGRAPHS. 

Granite from the quarry above Index. This section consists of quartz, 
feldspar and mica, which are very intricately interwoven and interlocked. 
It shows very well the zonal structure which is so prominent in the granite 
from this locality. This figure shows considerable biotite, but at the same 
time it is not a very prominent constituent of the rock. 



Granite from the Soderberg (juarry below Index. This section is very 
similar to the preceding one, with the exception that this one shows horn- 
blende instead of biotite. The close interlocking of the grains is well shown 
in this section also. The niineralogical composition of this granite is the 
same as that from above Index. 
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QUARRY BELOW INDEX. 



PLATE VnL—MICROPHOTOGRAPHS. 

Granite from the quarry above Index. This section consists of quartz, 
feldspar and mica, which are very intricately interwoven and interlocked. 
It shows very well the zonal structure which is so prominent in the granite 
from this locality. This figure shows considerable biotite, but at the same 
time it is not a very prominent constituent of the rock. 



Granite from the Soderberg quarry below Index. This section is very 
similar to the preceding one, with the exception that this one shows horn- 
blende instead of biotite. The close interlocking of the grains is well shown 
in this section also. The niineralogical composition of this granite is the 
same as that from above Index. 
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PLATE IX.~MICROPHOTOGRAPHS. 

Medical Lake granite. This section shows the mineralogical composi- 
tion of this granite to be principally quartz, feldspar and biotite, with some 
hornblende. The grains are very intricately interwoven and intermixed, 
which makes this granite quite strong. The zonal structure of the feldspar 
is well shown here also. 



Granite from the Little S^Mikane River. This section shows the very 
coarse texture of the SiX)kane granite. The minerals shown in this section 
are quartz and feldspar, which are closely interlocking. 
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GRANITE FROM THE QUARRY AT MEDICAL LAKE. 
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PLATE X.— MICRCM>HOTOGRAPHS. 

Granite from the quarry of Miles C. Moore, on Snake River. This 
figure shows fairly- well the texture of the Snake River granite. 



Basalt from a quarry near Pullman. The section from which this cut 
was made shows well the porphyritic texture of this basalt, with the lath- 
shaped plagioclase feldspar. The rock has a very compact fine-grained 
texture. 
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PLATE XL— MICROPHOTOGRAPHS. 

Tufa from Lilliwaup Falls, on Hood*s Canal. This figure shows nicely 
the feldspar crystals disseminated through the somewhat glassy ground 
mass. The crystal fragments in this rock are not closely interlocked, how- 
ever, as they are in many rocks. 



Tufa from near Bossburg, Stevens County. This figure shows the crj-s- 
tals and fragments of crystals, as well as the fragments of glassy ground 
mass. The crystals are principally feldspar. There are, however, smaller 
amounts of quartz, biotite, pyroxene and magnetite. 
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TUfA FROM -NEAR BOSSBURG, MTHVKSS COUNTY. 



PLATE Xn.-MICROPHOTOGRAPHS. 

Sandstone from the Sucia Island quarry. This section is composed 
principally of grains of quartz, which are rather angular in outline and vary 
somewhat in size. It also contains some feldspar grains scattered through 
it. The grains are closely compacted and firmly bound together. 



Sandstone from the property of the Tenino Stone Quarry Co. This 
figure shows the small angular quartz grains, comix)sing this stone, ver^- 
nicely. The grains throughout are quite angular, with only once in a while 
one that is at all well rounded. The grains are not so well compacted and 
firmly bound together as they are in many of the sandstones. The grains 
are practically all quart/. 
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PLATE Xni.~MICROPHOTOGRAPHS. 

Cumberland sandstone from the \V. W. Evans property. This section 
is composed principally of grains of quartz, some of which are very angular, 
while others are well rounde<l. The grains vary considerable in size, but as 
shown in the cut none of them are more than medium size. The grains are 
quite well cemented together, but are not closely interlocking as they are 
in igneous rocks. The section shows the presence of an occasional grain of 
feldspar. 



Sandstone from the Chuckanut (|uarry on Chuckanut Bay. The grains 
in this section are very angular and little rounded. They are also much 
smaller than those in any of the preceding sections. The grains are held 
firmly together by a cement composed principally of silica. Occasional 
grains of feldspar are mixed with the (juartz grains. 
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PLATE XIV.— MICROPHOTOGRAPHS. 

Sandstone from Wilkeson. The texture of the sandstone from the 
lower ledge is well shown in this section. It is a very coarse grained stone, 
in which the individual grains composing it are in most cases quite well 
rounded. The structure is rather loose and open and the grains are only 
fairly well cemented. 



Sandstone from Wilkeson. This section shows the texture of the stone 
from the upper ledge of this quarry. It is finer grained than that from the 
lower ledge of this quarry and is a little more compact. Most of the 
grains are well rounded, but in some instances they are quite angular. 
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PLATE XV.— MICROPHOTCXJRAPHS. 

Marble from the quarr>' of the Jefferson Marble, Mining and Milling 
Co. The section from which the accompanying figure was taken is com- 
posed essentially of calcite. The grains are small but uniform in size and 
very closely interlocking. The sample from which the section was made 
was almost pure white and very fine grained. 



Marble from the property of the North American Marble and Onyx Co. 
The section shows this marble to be a mixture of calcium carbonate and 
serpentine. The calcite grains vary somewhat in size but are verj' closely 
interlocking. The serpentine occurs in seams running through the section, 
and is not evenly distributed through it. 
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PLATE XVL— MICROPHOTCX5RAPHS. 

The section from which the accompanying figure was made shows the 
texture of another sample from the property of the North American Marble 
and Onyx Co. It is very fine grained, almost amorphous, but there are 
some very long and narrow crystals scattered through the mass. 



Serpentine from the property of the North American Marble and Onyx 
Co. The texture of the serpentine from this property is very well shown 
ill the accompan5'ing figure. 
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PLATE XVIL— MICROPHOTOGRAPHS. 

Limestone from the property of the North American Marble and Onyx 
Co. This figure is a splendid illustraticn of the way in which the individ- 
uals of the very coarse crystalline limestone from this property interlock. 
The material is coarsely crystalline, but the individuals arc verv closelv 
bound together and the pore space is very small. 



This figure shows the texture of the material from the quarry of the 
Pacific Coast Marble, Tiling and Manufacturing Co. The section is composed 
of calcite, serpentine and some clay material. The rock is very fine grained 
and compact. 
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PLATE XVra.— MICROPHOTCX5RAPHS. 

Marble from the property of the Crystal Marble Co. The section froui 
which the accompanyitiji^ figure was taken shows the texture of the gray 
marble. As shown by the figure it is made up of grains of calcite, which 
are quite uniform and of medium size. The stone is very close and com- 
pact, which accounts for its very low percentage of pore space. 



Marl)le from the property of the Crystal Marble Co. The section from 
which the accompanyinj^ figure was made shows the very coarse texture of 
the while marble from this property. The section is made up of very coarse 
grains of calcite, which interlock in a very c<miplex manner. 
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PLATE XIX,-MICROPHOTCX5RAPHS* 

Marble from near Milan. The figure shows serpentine principally, with 
a little calcite. It also contains some iron scattered through it. 



Marble from near Milan. The section from which the accompanying 
figure was made is from material from the same locality as the preceding 
one. This figure shows sonic scri)entine, but more calcite than the other. 




MARBLR PROM NKAR MILAM. 




MARBLE FROM NEAR MILAN. 



PLATE XX.— MICROPHOTCX5RAPHS. 

Marble from the quarry of the United States Marble Co. The section 
from which this cut was made was from a sample of what is known as their 
"Diamond Black." The cut shows the very coarse and compact texture of 
this material. The compactness and close union of the crystals account 
largely for its high crushing strength. 



Marble from the property of the Keystone Marble Co. This cut shows 
the coarse texture of the white marble from this property. The crystals, 
while (juite large, are firmly held together and very closely and intricately 
interlock. 
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ington been developed to any very great extent and in fact 
it has not been more than about a couple of years since active 
work was begun on most of the properties that are being 
wtorked at present. Since that time a very large number of 
marble claims have been staked and much of the m'aiterial that 
has been located will never be of any value as marble. In some 
cases it is so hard that it will be too expensive to work it, in 
others the question of transportation will prevent the working 
of the deposits at a profit, while in other places the deposits 
are so badly broken and shattered thatt they will be of no 
value as marble for building or decaraitive material except in 
a small way. 

The general opinion seems to be that as depth is reached 
the seams that may occur on the surface will certainly disap- 
pear and that no matter how badly tlie marble may be broken 
on the surface it will be solid when a comparatively short dis- 
tance below the surface is reached. This disappearance of 
these seams, however, as has been already shown, is only an 
apparent one in mbst cases at least unless a considerable depth 
has been reached and may be only apparent even then. 

There arc, however, in Stevens county quite a number of 
very promising marble properties both as regards the ordinary 
grades of marble as well as the more valuable decorative 
varieties. 



10 
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CHAPTER VIII. 
METHODS OF QUARRYING AND DRESSING STONE 



GENERAL CX>NSIDERATIONS. 

The rocks of the earth's crust are usually divided into three 
groups, as follows: (i) Sedimentary, (2) Igneous, (3) Meta- 
morphic. Each of these groups has certain structural features 
which are very important factors in connection with the quar- 
rying of the rock and which will have much to do in determin- 
ing the method to be used in the quarrying of each group. 

The sedimentary rocks are rocks that have been formed 
under water and for this reason should show more or less evi- 
dence of stratification unless it has been destroyed since the 
formation of the deposits. The layers in these sedimentary 
beds will vary from those that are an inch or less to those that 
are many feet in thickness. The planes of stratification in 
these deposits were originally, in most cases at least, nearly 
or quite horizontal and their present position is due to subse- 
quent movements. These strata composing the sedimentary 
beds in many cases do not adhere firmly, due probably to the 
conditions under which they have been formed and the depos- 
its may be separated very readily along certain planes and 
this is taken advantage of by the quarrymen and is a very 
great help in working the quarry. Again the thickness of 
these layers or the frequency with which they may be easily 
separated along certain planes has much to do with determin- 
ing the size of the blocks that may be obtained and it also has 
much to do with the economical working of the quarry. If the 
beds are not too thick about all that is necessary in quarrying 
the stone is to put down holes or channels through one layer 
after another. This is especially true if the deposits are in a 
horizontal position. Where the layers are very thick and mas- 
sive the cost of quarrying is greater as the stone has to be 
loosened along the under side also. This may be done by 
drilling and wedging and in some cases by wedging alone. 
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The uniformity of the beds in texture and color is another 
very important question as regards the economic quarrying 
of any deposit. The variation in texture of these bedded de- 
posits is often a source of considerable additional expense 
as is well shown in some of the quarries of Washingfton where 
good and poor stone are found alternating throughout the 
deposit and in order to get th« good stone a large amount of 
poor stone has to be removed and this of course increases the 
cost of the good stone. The position of stratified deposits, 
that is whether they are horizontal or inclined, frequently has 
much to do with the ease or difficulty with which they may be 
worked. Horizontal deposits have some things in their favor 
and on the other hand there are some things in favor of the 
inclined deposits. All things considered, however, the hori- 
zontal position is the one best suited to economical quarrying. 

This bedded structure does not exist in the igneous rocks 
and it becomes necessary, especially in case of the very mas- 
sive rocks, to split the stone by some means into proper sizes 
and this may be dome by wedging or by what is known as gad- 
ding. There are, however, in all rocks, no matter whether 
igneous or sedimentary, more or less seams or fractures separ- 
ating the rocks into blacks of different sizes and these are 
usually taken advantage of by the quarrymen. These seams 
and fractures are known as joints. 

These joints vary much in size, in some cases being so fine 
as to be almost imperceptible, while in other cases they are 
capable of being traced very considerable distances. Pro- 
fessor Geikie * in discussing the joints in stratified rocks has 
the following to say: 

"As a rule they are most sharply defined in proportion to 
the fineness of grain of the rock. In limestones and close- 
grained shales for example they often occur so cleaji-cut as 
to be invisible until revealed by fracture or by the slow disin- 
tegrating effects of the weather. The rock splits up along 
these concealed lines of division, wihether the agent of de- 
molition be the hammer or frost. In coarse textured rocks, on 
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the other hand, joints are apt to show themselves as more ir- 
regular sinuous rents. 

"As a rule, they run perpendicular, or approximately so, 
to the planes of bedding, and descend vertically at not very 
unequal distances, so that the portions of rock between them, 
when seen in profile, appear marked off into so many wall-like 
masses. 

"An important feature in the joints of stratified rocks is 
the direction in whijch they intersect each other. In general 
they have two dominant trends, one coincident, on the whole, 
with the direction in which the strata are inclined from the 
horizon, and the other running transversely at a right angle 
or nearly so." 

The frequency of joints in the sedimentary rocks varies 
much and in some deposits they are very plentiful while in 
others they are quite scarce. In cases where the strata or de- 
posits have been very much disturbed, folded, and faulted the 
joints are much more common than where such changes have 
not taken plax:e. 

While joints occur in the igneous rocks such as granite, 
diabase, diorite, and basalt, they do not have the same regular- 
ity of arrangement that they have in the stratified deposits. 
In sedimentary rocks there are, in most cases at least, strati- 
fication planes along which they split more readily than across 
them and also the joints which usually intersect these at a 
high angle. In the igneous rocks the only divisional planes 
are the joint planes. The igneous rocks usually have two sets 
of these joints which intersect each other and separate the 
rock into blocks of various shapes and sizes. Sometimes there 
is still a third series of joints occurring in these rocks which in 
some respects is similar to the bedding planes in the sedimen- 
tary mcks. These last are well shown in places in the basalt 
area of eastern Washington. 

In many cases where joints are very conspicuous on the 
surface they apparently disappear entirely as depth is reached. 
This disappearance as Merrill* states is probably only appar- 
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ent and just as many really exist as at the surface, but on ac- 
count of not having been exposed to the atmospheric agencies 
are not so readily noticed, and then again m some cases at 
least aft considerable depths the rocks may be more or less 
firmly united along the joint planes. This may have been 
brought about by having some cementing material deposited 
in the joints or as Merrill* says by pressure. 

This same authority in discussing the question of joints 
and their disappearance with depth gives an instance of a 
quarry of beautiful deep gray coarsely crystalline granitic 
rocks, which when first opened was found to contain so many 
joints that only very small and very irregular shaped blocks 
could be obtained, to show that this disappearance is only an 
apparent one : 

"So abundant were these joints that on the suface for 
short distances the stones would often separate into slabs of 
but from one to two or three inches in thickness. At a dis- 
tance of not above 25 feet from the surface the joints disap- 
peared entirely, and large, handsomie and apparently sound 
blocks were being taken out. Knowing, however, from the 
surface indications that the joints must be there nevertheless, 
I looked for them with care, and on the polished shaft of a 
finished monument was able to point out three running per- 
pendicularly, each as fine, sharp and straight as though made 
with a glazier's diamond. They were simply so small as to 
be overlooked by others than an expert. Being there they are 
bound in time to open under the persuasive action of heat and 
frost. How long a time may elapse before they will open suf* 
ficiently to betcome conspicuous, can be determined only by 
actual experiment. The only safe way, however, is to avoid 
them wholly."t 

In some rocks such for instance as the basalts still a dif- 
ferent form of jointing is found which is due apparently to 
the cooling of the molten mass. This jointing gives rise to 
more or less regular shaped blocks which as a general thing 
are six sided and appear as hexagonal columns. These are 

tlhUL 
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well shown in many places through the basaltic area of east- 
ern Washington. These joints spoil the stone for dimension 
purposes as nothing but small blocks could be derived from a 
quarry in which this form of jointing occurs ; fortunately how- 
ever this form of jointing is not common and occurs only in 
rocks that would be used very little for building purpoees on 
account of their hardness and color. 

There is still considerable difference of opinion as to the 
cause of joints and no explanation that has been offered so far 
has been entirely satisfactory. By some authorities joints 
have been attributed to contraction from loss of heat or loss 
of moisture, by others compression has been considered an 
important factor, and by still others joints are supposed to 
have been produced by earthquakes. The indications are that 
in some particular case some one of these fonces may have 
been the predominating one, while in others some other one 
may have been most active, but in all probability in most 
cases, if not in all, the joints are the result of a number of 
forces acting together. In a quarry the question is not so 
much, however, how joints have been formed as it is whether 
they exist or not in the rock that is to be quarried. If joints 
are absent it will take more work and hence cost more to 
quarry the stone than it will if they are present, while on the 
other hand if they occur too frequently they will spoil the 
stone for building purposes. 

GRANITE QUARRYING. 

The methods used in quarrying stone of course will vary 
with the kind and quality of the stone and the purposes for 
which it is intended. The object aimed at in most cases is 
the same, that is, to obtain large and well shaped blocks with 
as little work as possible. This should also be done so far as 
it is possible, without too much additional cost, without the 
aid of explosives of any kind on account of the sudden jar be- 
ing very liable to develop minute fractures and injure the 
stone and perhaps completely shatter and destroy very valu- 
able material. 

The kind of material to be quarried will have much to do 
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in determining whether or not explosives may be used and 
in the case of granite and that class of rocks there is much less 
danger from their use than there is in the case of marbles or 
sandstones. Then the greater hardness of the granite renders 
th€ quarrying of it, by other means than explosives, quite dif- 
ficult and expensive. 

The leading granite quarries of the United States such as 
those in Maine and Massachusetts use no machinery except 
the steam drill and hoisting apparatus. By means of the 
drills a series of what are known as lewis holes is put down to 
a depth dependent on the thickness of the sheets. These are 
then charged with medium charges and fired simultaneously. 
These lewis holes consist of a series of two or more holes 
drilled as closely together as possible, and then connected by 
knocking out the thin partition between them, forming thus 
one wid'e hole, 'having its greatest diameter in a plane with 
the desired rift. Blasts from such boles are wedgelike in their 
action, and by means of them larger and better shaped blocks 
can be taken out than would otherwise be possible. In quar- 
ries where the sheets are entirely free from one another this 
is all that is necessary to loosen the blocks from the quarry 
and they are then broken up with wedges. In many cases the 
sheets are thick enough so that it is necessary to drill a series 
of horizontal holes along the line where it is desired to break 
the rock from the bed and then complete the process with 
wedges. 

BSARBLB QUARRYING. 

In the quarrying of marble and other soft ropks channeling 
machines are being used quite largely at the present time. 
These machines run on narrow tracks back and forth across 
the quarry bed and cut as they go vertical channels Which are 
usually about one and a fourth inches wide and from four to 
seven feet deep. Some of these machines are so arranged that 
two channels are cut one on each side of the machine, at the 
same time and are then known as "Double Gang Machines," 
wliile others are arranged for cutting a channel on only one 
side of the machine at a time and are known as "Single Gang 
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Machines." These machines are practically locomotive en- 
gines which cam be reversed without stopping. 

These double machines carry on each side a gang of cut- 
ters composed of five steel bars from seven to fourteen feet 
long according to the depth of the channel to be cut. In each 
one of these gangs of five cutters, two have diagonal cutting 
edges, and three have their edges transverse. The center cut- 
ter extends the lowest and they alu^ether form a stepped ar- 
rangement eaxrh way from the center. When the machine is 
moving forward the three forward cutters, which include the 
center one operate and while moving in the opposite direction 
the other two with the center cme perform the work. The ob- 
ject of the diagonal cutting edges is to insure an even bottom 
to the channel. 

At the present time there are two distinct types of chan- 
neling machines which differ primarily in that in one case 
the gangs of drills or cutters are raised and dropped by means 
of a lever and crank arrangement while in the other type the 
blow is struck by the steam in the cylinder just as it is in the 
rock drill or steam hammer. The Wardwell machine is of the 
first type and is constructed either with a single or a double 
gung of cutters. It is claimed that these machines will 
strike 150 blows per minute on each side, and feed forward 
on the trs^k J4 inch at each stroke or six feet per minute and 
cut from yi to I inch in depth (according to the stone) each 
time passing over it. 

The Sergeant channeler is of the second type or what 
is known as the direct acting machine. These are sin- 
gle gang machines and like the Wardwell single gang ma- 
chines are capable of being so arranged that channels may be 
cut at almost any angle as well as vertical. The cutting points 
in this machine are the same as in others but they are attached 
ripdly by a clamp directly under the center line of the piston 
rod. 

After these vertical channels arc cut to the required depth 
a series of horizontal holes is drilled along the bottom of the 
block and it is then split from its bed by means of wedges. 
The operation of drilling these horizontal holes is known to the 
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quarrym'en as "gadding" and special machines have been 
constructed for this purpose. In some cases diamond pointed 
drills, as well as the ordinary impact drills, are used for gad- 
ding. The horizontal holes are usually drilled to a depth 
equaling about one-half the width of the block to be extracted, 
however this as well as the frequency of the holes will depend 
very largely on the kind and 'character of the material. 

The rate of cutting of channeling machines varies, as shown 
by the Arkansas Geological Survey * in limestones and mar- 
bles from 32 square feet of channel in ten hours to as high as 
100 square feet and the cost of running channeling machines 
varies from $5 to as high as $10 for ten hours. 

The bar channeler is also used to a considerable extent in 
some quarries at the present timie. These are much cheaper 
than locomotive channelers and are capable of being used for 
various purposes. It is the same as a rqck drill mounted on 
a quarry bar except that a gang of chisels is used instead of 
the drill. It may also be used for gadding and also for drilling 
plug and feather holes. 

SANDSTONE QUARRYING. 

Channeling machines are also used more or less in the 
quarrying of sandstones especially the softer ones. The pre- 
vailing method however is to loosen large blocks with powder 
and then work them into the required shapes and sizes. Deep 
holes are drilled in the rock and these are charged with heavy 
blasts of powder and then fired, and in this way large masses 
are loosened. In the Portland, Connecticut, quarries the most 
of the stone is loosened by blasting, the method used being as 
follows : "The holes are made by a crude machine driven by 
cranks, like an ordinary derrick, and are 10 inches in dianueter 
and about 20 feet deep. Into these arc put from 25 to 75 
pounds of powder, contained in a flattened or oval tin cannis- 
ter, with the edges unsoldered and closed at the ends by paper 
or cloth. This is placed in the hole in such a position that a 
plane passing through its edges is in line with the desired 
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break, and fired. In this way large blocks are freed from the 
quarry, and these are then broken to any required size as fol- 
lows: The workmen first cut with a pick a sharp groove 
some 4 to 8 inches deep along the full length of the line where 
it is desired the stone shall break. Into this groove are placed, 
at intervals of a few inches, large iron wedges, which are then 
in turn struck repeated blows by heavy sledge-hammers in 
the hands of the quarrymen until the rock falls apart." * 

OPENING THE QUARRY. 

In opening up a stone quarry of any kind there are a num- 
ber of things that should be taken into consideration and fre- 
quently many important points are overlooked or neglected 
and large sums of money squandered which might have been 
saved had these points been duly considered. Among the 
most important of these points are quality, quantity, position 
of the stone, and location. The position of a deposit, that is, 
if it be a bedded deposit at least whether it is horizontal or 
whether it is steeply inclined, may make difference enough in 
the expense of quarrying so that in one case it would be possi- 
ble to work the deposits at a profit while in the other case it 
would not be possible to work them at a profit. It is not pos- 
sible to determine the commercial value of a deposit from 
hand specimens as there are many things that cannot be told 
from small samples and it is necessary that the deposit should 
be studied as a whole. 

The location of the quarry as regards transportation is a 
very important point at least in many cases. The ordinary 
grades of building stone have to be produced as cheaply as 
possible in order to compete with the cheai>er grades of build- 
ing material and on this account they must have the least pos- 
sible cost for transportation. A quarry that might be worked 
at a profit when situated on a railway might have no commer- 
cial value when only a few miles from it. Only the most ex- 
pensive varieties of marbles and stones used for decorative 
purposes can be profitably transported by wagon for even 
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short distaiTces. In some cases certain stones can be quar- 
ried only to supply a local demand and this local demand may 
determine the output of the quarry so that the question of 
how much this local demand will be should be carefully con- 
sidered. 

If after having considered the above points very carefully 
it is decided to open a quarry on any particular deposit the 
next step is to determine the exact location of it and this is a 
question of no small importance and one that calls for the ser- 
vices of an experienced quarryman, that is one who has had 
experience in quarrying similar stone elsewhere. He should 
also have art least a fair knowledge of geology and the more 
he knows about it the better. The deposits s'hould be pretty 
thoroughly prospected and for this purpose a diamond drill 
may be very helpful in gaining some knowledge, at least, of 
the interior of the deposits. 

Where a quarry is being opened in a new region and the 
quality of the stone has still to be determined it is a good pol- 
icy not to put in too expensive an outfit at first but start with 
a medium priced one and gradually add to it if the quality of 
the stone, with the development of the quarry, will warrant it. 

"Professor W. L. Saunders,* in his notes on quarrying, 
estimates that a first-class equipment for quarrying dimension 
stone, which includes derricks, boilers, pum^ps, channeling ma- 
chines, rock drills, pipe, blacksmith's tools and fittings, costs 
about $8,000 ; however, if the rock to be worked only promises 
well, but its quality or quantity is not assured, a good equip- 
mient, including channeling machine, rock drill, boiler, pump, 
derrick and hoisting apparatus, can be obtained for $3,500. It 
may not be advisable to purchase a channeling machine at 
first, and its omission from the list will greatly reduce the 
necessary outlay for the beginning of operations." 

The prices of the different pieces of apparatus, as shown in 
the following list, will enable anyone to figure out the cost of 
any outfit he may desire: 
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Channeling machine, douhle |2,000 

OhAnnellng maohlne, single 1,700 to $2,200 

Bar channeler 1,000 

Steam drill, unmounted 170 to 416 

Tripod 50 to 05 

Quarry 'ber 176 to 260 

Portable quarry gang saw 1,000 to 2,000 

Derrick 200 to 800 

The above quotations are the caitalogue prices for 1902 
and many of them are subject to trade discounts. The cost of 
labor and tools will vary in different localities. 

BIBTHOD OF WORKING A QUARRY. 

The method to be used in working a quarry should be 
determined quite IdTgtly at least by the kind of stone and the 
use for which it is desired. In addition to the above there will 
be many other things to be taken into consideration some of 
which in particular cases at least may be very important. 

The quarrying of marbles, lim«estones, and some sandstones 
at the present time is done quite largely by the use of chan- 
neling machines of some kind while in the harder igneous 
rocks such as granite explosives are quite largely used for 
breaking the rock loose, after which the large miasses are split 
and worked into sizes by hand. In the opening of a quarry, 
in which channeling machines are to be used, the usual thing 
to do is to remove the debris overlying the stone to be quar- 
ried and secure a comparatively level floor of the same size 
that it is desired to make the quarry. When this is done the 
channeling machine is put to work and a series of channels 
the required depth and distance apart are cut and one of the 
blocks loosened on the under side in some manner usually by 
wedging and then lifted out or it may be removed by blasting. 
After the first block is removed the others may be loosened 
on the under side either by gadding or by means of wedges. 
Then another layer is begun and rem>oved in exactly the same 
manner and in this way the quarry floor may be carried down 
almost any depth provided the stone continues. 

In some quarries what is known as the step or bench sys- 
tem is used and consists in having a ledge of varying width at 
the back wiall each time instead of taking out an entire layer 
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of the quarry floor. This will give to the back part of th'c 
quarry the appearance of a set of steps. If the quarry is to be 
worked after this plan th-e bar channeler is probably the best 
one to purchase, as it is much more easily moved from bench 
to bench. In the case of quarries worked by hand either one 
of the above plans may be followed. 

USB OF EXPLOSIVES IN QUARRYING. 

At one time the use of powder in the quarrying of building 
stone such as limestones, sandstones, and marbles was very 
general, buit at the present time its use is very limited and es- 
pecially so in the quarrying of marbles and limestones. It is 
used quite extensively however in quarrying granites and the 
harder kinds of stone and also to a limited extent in some 
sandstone and limestone quarries. 

There are two principal reasons why explosives should not 
be used in quarrying m'arbles and the softer grades of building 
stone. First and most important is the fact that the ston^ is 
injured more or less by their use. The jar of the blast and the 
sudden strain produced will icause lines of weakness or open 
up bidden seams, defects which as Hopkins * says are "ren- 
dered doubly serious by the fact that they frequently do not 
appear until after th'e stone has been placed in the structure. 
This is well illustrated by the Carrara marble, of which it has 
been said that most of the stone used by the Romans before 
the invention of gunpowder is firm and sound, while much 
that has been used since gunpowder quarrying began shows 
signs of decay. The injurious effects of the blast are often 
greatly increased in the Carrara quarries by another some- 
times equally serious shock, produced by the large masses be- 
ing blown out of the quarry on the mountain top and falling 
or rolling 400 or 500 feet down the mountain side/' 

While there are very few marble quarries in which powder 
is used in the real work of quarrying still many of them use 
it in the removal and clearing away of the overlying worthless 
material. Even for this purpose however it should be used 
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with considerable care as otherwise there is danger of doing 
miK:h injury to valuable material. In many places in Stevens 
County where marble quarries are being opened much time 
and money might be saved by an intelligent use of the ordi- 
nary black powders, but unless they are bandied by some one 
who has some knowledge of their use much damage may re- 
sult. 

In quarrying ordinary dimension stone where the stone 
is to be used in foundations, retaining walls or similar uses 
where the question of durability is not so important a one pow- 
der may be used and with the proper handling good results 
obtained. 

In the use of powder for quarrying dimension stone the 
following suggestions taken from the Arkansas Geological 
Survey Report, Vol. IV., 1890, pp. 377 and 378, may be found 
helpful : 

"The limited number of directions in which a rock is liable 
to break is determined by the shape of the drill hole and the 
structure of the rock. 

"The first object, where it cannot be obtained by the drill, 
is to a large extent governed by putting the charge in tin can- 
isters of the required shape in large drill holes and tamping 
in with sand, the effects of which are nearly the same as though 
the holes were drilled the shape of the canisters. 

"A break in a straight line is obtained when a horizontal 
cross section of the charge is elliptical, or nearly so, in shape, 
the line of break being continuous with the longest diameter. 
This may be obtained by making the canister of two pieces of 
sheet tin, with the edges unsoldered and the ends made of 
paper or cloth, or without the canister by drilling two holes 
and chipping out the wall between them. 

"Two breaks may be made with planes crossing at right 
angles by making the canister a square prism. 

"Much depends on the nature of the explosive used ; for 
dimension stone black powder is nearly always preferred to 
dynamite, as the form'er, slow acting like a powerful hydraulic 
press, tends to split the rock; but the latter, sudden in its 
action, like a ponderous hammer, tends to shatter the rock. 
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"Light charges xx>vered with sand are preferable to heavy 
ones tamped in trght. 

"Light charges often repeated are less liable to shatter 
the rock than one heavy charge." 

In the working of any quarry advantage should be taken 
of the joints and bedding planes as this one thing may make 
the difference between a quarry worked at a profit and one 
worked at a loss. 

CUTTING AND DRESSING STONE. 

While many machines have been invented for cutting and 
dressing stone still the same slow hand processes that were 
in use hundreds of years ago are still quite largely used. Large 
miasses of the stone are loosened by means of powder and 
then these are split into blocks of the required sizes by what 
is known as the plug and feather method. This method con- 
sists in drilling a series of holes about three-fourths of an 
inch in diameter and a few inches deep along a line where it is 
desired to split the stone. Into each one of these holes is 
placed two pieces of soft half-round iron called "feathers" and 
between these a steel wedge or "plug^* is placed. The quarry- 
man then takes a hammer and moves along this line, striking 
alternately each one of these wedges until the stone splits and 
falls apart along this line. There is considerable knack in the 
splitting of various kinds of stone and it consists simply in be- 
ing able to take advantage of the rift and grain of a stone and 
it is surprising how readily some persons will work a stone 
into the desired shape while others can hardly work it into any 
sh^e at all. 

In some cases stone is cut to the proper sizes in the quarry 
by means of channelers, steam drills, and portable saws but in 
most cases marbles, limestones, and sandstones are cut into the 
desired shapes after leaving the quarry and going to the mill. 
Usually the stone is taken out of the quarry in large blocks 
and then taken to the mill where it is usually cut into the re- 
quired dimension by means of saws and if it is to be carved or 
polished this is done here and in fact the stone is finished ready 
for its place in the building. 
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Most of the cutting to sizes is done by sawing. This saw- 
ing is done principally by means of gang saws which consist 
of a number of toothless blades of soft iron fastened in a frame 
in a horizontal position and this frame so arranged that it can 
be moved backward and forward continuously. The stone to 
be sawed is brought under these saws and the blades set for 
the required thickness of the stone and then the machine set 
in motion. The cutting is done principally by sand or some 
substitute for it which, along with water, is supplied to the 
saw blades. The water softens the stone, aids in carrying 
away the dust produced by the cutting of the stone, and in 
carrying the sand to the saw. The saw may be of almost 
any length and the frame may contain any number of blades. 
The blades are usually about one-eighth of an inch in thick- 
ness and about four inches wide. In the latest patterns the 
frames are lowered automatically as the saws cut into the 
stone. 

The rate of cutting by these saws varies with the stone be- 
ing nnuch faster in some kinds than in others, as for instance 
the rate for the Tenino sandstone is from one to two feet per 
hour while in the serpentine, which is a much softer material, 
at the U. S. quarry the rate is not more than from four to six 
inches per hour. 

The kind of power used for driving these saws varies and 
may be steam, electricity or water power and in Washington 
all three are used. Steam however is the one most commonly 
used but is much more expensive than water power. 

Machines of various kinds for planing and dressing marbles 
have been constructed and they are said to work very satisfac- 
torily, producing a surface equal to a sand rubbed finish and 
saving much labor and expense in the finishing of marbles. 
Up to the present time however nothing of this kind is being 
used in this State. 

Lathes of various kinds and sizes are in use in the mills for 
turning marbles and serpentines. The lathes are used for 
turning out columns of marble and vases and ornaments of 
various kinds from marbles and serpentine. These lathes are 
practically the same as those used for the turning of wood and 
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iron. After the desired shape has been obtained and while 
the column or whatever it be is still in the lathe the polisher 
is brought into use and it is finished before it is removed from 
the isMthe. 

For the rubbing of the stone smooth preparatory to pol- 
ishing the most common contrivance is perhaps what is known 
as the rubbing bed. This consists of a heavy cast iron plate 
which revolves in a horizontal plane. The plate is revolved by 
means of a perpendicular shaft through the center which is 
geared to the power. This gearing in some cases being above 
the bed while in others it may be below. Above the revolving 
bed are a number of fixed arms extending from the center to 
the outside of the bed and just high enough above it so as not 
to touch it. The slabs and blocks of marble are placed on this 
robbing-bed and these arms prevent their revolving with it 
wlien it is put in motion. Onto this plate is then put sand, or 
some other abrasive, and water. A large number of pieces 
may be placed on one bed at the same time and rubbed at the 
same time and rubbed at much less expense than they could 
be by band. 
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COAL DEPOSITS OF WASMNGTOR 



CHAPTER I. 
INTRODUCTION* 



GEOGRAPHIC RELATIONS. 

The coaJ field's of Wasliington, as shown by the accom- 
panying geological map, lie mostly in the western part of the 
state. They extend in a broken line from the Canadian bound- 
ary to the Columbia river, lying on the border between the foot 
bills of the Cascades and the Puget Sound basin, being entirely 
within the latter in two or three instances. In most cases the 
coal fields are within easy reach of tide water and all of them 
have excellent facilities for transportation. The cost of carry- 
ing the coal to market or alt least to ports ait which shipments 
may be made by vessel is comparatively small. In some in- 
stances special lines of railroad have been constructed for the 
purpose of connecting the coal fields with the Sound. In other 
instances the main lines of railway run directly through the 
coal fields. 

In no case has the entire boundary of any coal field been 
aocurately traced, and the exact area of the coal fields of the 
state is unknown. There are many reasons why detailed map- 
ping of the coal areas has not been done and it will be many 
years before the exact boundaries of the deposits can be ac- 
curately defined. Reliable topographic maps of the coal fields 
have been prepared in but one or two instances. In addition 
to -this the coal-bearing rocks as a rule are deeply covered, 
sometimies by an excessive growth of vegetation, sometimes 
by a thick mantle of glacial material^ which lies upon them, 
and in other cases by extensive lava flows which have come 
down from the Cascades adjoining. Not infrequently also the 
coal-bearing rocks disappear beneath the later sedimentary 
rocks which lie conformably upon them. In many instances 
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the coal-bearing rocks do not s^pear dave wliere some vigor- 
ous stream has cut its way through the thick soil or other over- 
lying material and has disclosed th« coal seams along its can- 
yon walls. 

A reference to the mlap above mentioned shows a number 
of disconnected coal fields, both large and small. The sugges- 
tion at once comes to mind that beneath the overlying mantle 
some of these fields may be connected and therefore oi much 
greater extent than appears at the surface. In other cases it is 
no doubt true that excessive erosion has removed large por- 
tions of what were once larger fields and that wt now have 
only comparatively small isolated remnants remaining. 

In addition to the coal fields ndted above, which contain 
seams of coal merchantable in quality and quantity, there are 
found in the northeastern counties of the state, Chelan, Okano- 
gan, Ferry and Stevens, many small remnants of coal measure 
areas which contain thin seams of coal. These coal deposits 
now lie far apart and long continued erosion has reduced 
them to diminutive sizes. In no case is coal of economic 
value now found within them. 

TOPOGRAPHY. 

The physical features of Washington are conspicuous be- 
cause of their great diversity. The state abounds in alluvial 
valleys, low plains, high plateaus, deep gorges and lofty moun- 
tains. In making a classification of the physical features of 
the state six distinct provinces are es^ly recognized. Passing 
from the Pacific ocean to the eastward these divisions are: 
Olympic Mountains, Puget Sound Basin, Cascade Mountains, 
Okanogan Highlands, Columbia Plain, and Blue Mountains. 

Of the above topographic regions the coal deposits have to 
do with two, namely, the Cascade Mountains and the Puget 
Sound Basin. A varied topography is therefore had passing 
from the low plains of the coast through plateaus and ridges 
to the rugged and deeply furrowed miountains. The coal fields 
of Whatlcom county extend from the shores of Puget Sound to 
within a few miles of the snow-covered slopes of Mt. Baker. 
The coal fields of King county lie for the most part within the 
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limits of the Puget Sound Basin but in some cases the eastern 
limits of the fields extend into the foot hills of the Cascades. 
In Pierce county the coal fields or the major portion of them at 
least lie without the realm of the Puget Sound Basin and are 
within the confines of the Cascade Range. These coal fields, 
therefore, abound in sharp ridges and deep valleys and for the 
most part have a truly mountainous character. The Roslyn- 
Clealum field in Kittitas county lies within the Cascade prov- 
ince and abounds in mountain ridges and deep valleys. The 
fields of Thurston and Cowlitz bounties and the western por- 
tion of Lewis county are well within the Puget Sound Basin. 
They are for that reason regions of low relief, composed of low 
hills or extended plains, in which the coal-bearing rocks rarely 
outcrop. In going from the westward toward the eastward in 
Lewis county the coal deposits attain elevations greater and 
greater until the last fields are reached when these are found 
to lie within the heart of the Cascades. 

GEOLOGICAL FORMATICmS. 

The coal measures of Washington belong to the early part 
of the Tertiary period or the Eocene epoch. In only a very 
few instances has the base of the coal measures been found. 
In the coal fields of Whatcom and Skagit counties the lowest 
strata of the coal measures lie upcm a metamorphic rock, a 
mica schist of unknown age. At the Blue Canyon and Coke- 
dale mines the largest coal seams lie but a few inches, or at the 
nDost but a few feet, above the schists. In general in the dif- 
ferent fields the principal seams of coal lie well toward the 
bottom of the coal series and hence belong to the earlier por- 
tion of the epoch. In Washington, during Eocene time, the 
shore line was somewhere in the vicinity of the eastern border 
of Puget Sound, and extending southward beyond the present 
boundary of the state. The Olympic Mountains formed a 
large island immediattely off the icoast. The region of the Cas- 
cade Mountains was in general one of loiw relief. 

In the northern portion of the state, however, the Cascades 
were doubtless of considerable htight and the streams flowing 
from them possessed of great strength as shown by the coarse 
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character of the sediments deposited at that time. The hills 
were composed of g^nite rocks as shown by the character of 
the sediments derived from them. The fossil contents and 
character of the sediments of the coal fields of Roalyn-Clealum 
and those of Whatcom and Skagit counties s>how that these 
fields represent lake deposits. In the case of the Whatcom 
•coal field the sediments reach an approximate thickness of 
20,000 feet and are made up of massive sandstones and coarse 
conglomerates. In the remaining coal fields as far as known 
the coal swamps were in estuaries along the shore where 
brackish water conditions prevailed. 

For the most part the coal seams of Washington occur in- 
terbedded in a series of light->colored sandstones and shales, 
with sandstones as the predominating rocks. The latter are 
usually bluish or grayish in color, but often weather into light 
buff owing to the oxidation of the iron carbonate which they 
contain. Carbonaceous matter is distributed in greater or less 
quantity throughout the rocks of the whole series. Small 
streaks of coal are found in most of the sandstones. The 
shales vary in color from light gray to black, according to 
the amount of carbonaceous matter present. All gradations 
are found between carbonaceous sihale and pure coal. While 
the number of workable coal veins is small, being perhaps 
not more than ten or fifteen in any one district, the number 
of seams of more or less impure coctl is very large, considerably 
over a hundred being known. All the veins thus far discov- 
ered which are clean enough to work, and with the coal in suf- 
ficient quantity to be of commercial value, are contained in the 
lowermost three thousand feet of the series. The upper two- 
thirds of the coal measures have thus far proven barren of 
workable seams, although rich in disseminated carbon. 

During the whole of the long period in which these sedi- 
ments were being deposited the region was undergoing a grad- 
ual but persistent sinking. The evidence of the coal seams 
in the lowest strata clearly shows that at that period the water 
at intervals was very shallow, and at the end of the period 
after sediments nearly two miles deep had been deposited the 
water still remained at about the same depth, showing that in 
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the meantime the bottom' of the sea had sunk two miles. 
These nicely adjusted forces of nature permitted the accumula- 
tion of a practically unbroken series of sediments throughout 
the whok period. 

Subsidentre did not take place at a uniform rate. There 
were periods during which the pixxess of sedimentation 
shoaled the waters faster than the sea floor sank, and this con- 
tinued until the water was shallow enough to support a swamp 
vegetation, which thereupon spread over the broad lagoons and 
flourished with great luxuriance. In regard to the climate, 
Professor F. H. Knowlton* says : "The lower beds, on account 
of the abundance of ferns, gigantic palms, figs, and a number 
of genera now found in the West Indies and tropical South 
America, may be suposed to have enjoyed a much warmer, 
possibly a subtropical temperature, while the presence of 
sumacs, chestnuts, birches and sycamores in the upper beds, 
wouM seem to indicate an approach to the conditions pre- 
vailing at the present day." 

Alternating with the periods of coal formation, there were 
long lapses of time during which the water was too deep to 
admit of swamp growth. These were the times when subsi- 
dence proceeded ait a more rapid rate than sedimentation, or at 
least kept pace with it. Sand and clay were then deposited. 
The final results of this intermittent, long continued subsi- 
dence was that we now have a large number of coal seams and 
layers of more or less carbonaceous matter interstratified with 
beds of sandstone and shales. 

Since the time of their deposition mountain making forces 
have been at work throughout the coal measure areas produc- 
ing in most instances great deform^altion. The original posi- 
tion of the rocks has wholly changed and for the most part 
they are tilted at high angles. They have been thrown into ex- 
tensive folds and as a rule the tops of these folds have been 
planed off by erosion. In most instances the folding has been 
accompanied by faulting and the continuity of the coal seams 
has been broken thereby. As a result of the folding and the 

• Oeologkal AUat of Uic U. 8., Taooma Folio, U. 8. Geological Bunrey. 
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faulting of the coal measures in most instances the coal has 
been greatly cru8(hed and broken. Occasionally when the me- 
chanical action has been greatest a large atnount of earthy 
matter from the roof and floor of the seam has become mixed 
with the coal so that it is necessary to wash it before it is 
placed upcm the market. As to the extent oi deformation it 
nuay be said in a general way that it imcreases in intensity from 
the western to the eastern borders of the coal fields. 
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CHAPTER II. 
DESCRIPTIONS OF THE GOAL FIELDS. 



WHATCOM COUNTY, 

In the western part of Whatcom county, extending from 
the foot of Mt. Baker to the coast, there is an area of coal 
measures embracing over 250 square miles. These coal meas- 
ures are composed mainly of massive sandstones and con- 
glomerates, with occasional shales, and are exclusively of 
lake origin. They have a total thickness of many thousands 
of feet. Within them very much vegetal matter in the 
form of lignite or coal is to be found, often in irregular masses 
or pockets, but now and then in a well-defined seam. Occa- 
sionally these seams assume dimensions sufficiently large to 
afford workable coal, and they are then of economic import- 
ance. In all cases, as far as known, the beds of coal are not 
immediately underlaid by clay, but by conglomerate or sand- 
stone, showing that the coal was not formed by the plants 
which grew upon that particular spot, but rather that it was 
formed from driftwood. As a result no individual seam of 
coal can be expected to extend throughout the coal basin, or 
even over a large part of it, but it is more local in its extent. 
It is also true that a coal seam will show considerable varia- 
bility in thickness when followed in different directions. 

Since their deposition the coal measures have been greatly 
folded and the strata are now inclined at high angles. Ero- 
sion has removed large portions of them, as may be seen 
in the wide valleys of the Nooksack and its tributaries, in the 
basin of Lake Whatcom, and elsewhere. In the eastern and 
central parts of the Whatcom coal field the strata outcrop 
everywhere and the coal beds may be easily found, but in the 
western part of the coal field the rocks pass under a heavy 
mantle of glacial drift and may only be studied or prospected 
by diamond drilling. 
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In the coal fields of Whatcom county, veins of workable 
coal have been found at a number of places. In some in- 
stances extensive mines have been opened and large quanti- 
ties of coal produced. In a general way the coal may be said 
to improve in quality from west to east, as one passes from 
the region of least folded rocks to those that have suffered the 
greatest deformation. The coal vein now being developed on 
Cornell creek, within six miles of Mt. Baker, is of a better 
quality than any other so far found in the county. 

The Bellingham bay coal vein is the uppermost one in the 
coal measures of Whatcom county. It is 14 feet thick, a 
lignite in quality, and was extensively worked 20 years ago. 
Its outcrop is north through the middle of the city of What- 
com and thence north-westerly, dipping west and southwest 
from 8 to 10 degrees. 



Blue Canyon Field. 

Blue Canyon Mine. — ^This mine is located on the southeast- 
ern shore of Lake Whatcom, on the line of the Whatcom 
branch of the Northern Pacific Railway. The vein of coal 
that is being worked varies much in thickness, but averages 
about 7 feet. It lies at the very base of the coal measures, 
being separated from the mica schist lying below by a layer 
of conglomerate which varies from six inches to three feet 
in thickness. Where the conglomerate is thinnest the coal 
vein is greatly broken and shattered, and is occasionally 
faulted. Lying as it does between the massive sandstones 
above and the metamorphic rocks below, the vein has suffered 
greatly in the deformation of the coal measures. The vein 
pitches to the northwestward at an angle of 50 to 60 degrees. 

The Blue Canyon mine has been in operation for a number 
of years, but has done little more than supply the demand 
of the cities and towns of Bellingham Bay and thereabouts. 
The coal is very desirable for steaming and for domestic pur- 
poses. In 1901 the output of the mine was 8,200 tons, and 
1902 it was 6,010 tons. 
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Cornell Creek Field. 
On Cornell creek, a tributary of the North Fork of the 
Nooksack river, coal measures appear which have a thickness 
of not less than 20,000 feet. They are composed mainly of 
massive sandstone and conglomerate and are clearly continu- 
ations of the strata of the Blue Canyon field. In the coal 
measures are a number of veins of coal, one of them having 
a thickness varying from 2 to 14 feet. At one place in the 
south end of T. 29 N., R. 6 E., about $10,000 has been spent 
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in prospecting this coal vein, and 1,200 feet of tunnels have 
been driven. The vein has a strike about east and west and a 
dip of 70 degrees to the north. The coal is a semi-anthracite, 
or sometimes even an anthracite in character and contains 
from 78 to 92 per cent, in fixed carbon. While the coal vein is 
quite regular the coal itself is very much broken and in using 
it it may be necessary to feed it into the furnaces in the form 
of powder or else to make it into briquettes. 

SKAGIT COUNTY. 

In the western half of Skagit county coal measures outcrop 
at a number of places. Surrounding these outcrops, as a rule, 
there are small coal basins, which seemingly have never been 
connected but have always been separated one from another. 
In the northwestern part of the county the large coal field of 
Whatcom county extends into Skagit for a little way. A mile 
west of Thomwood, on Samish river, there is an outcrop of 
coal where a little development work has been done. Imme- 
diately east of Montborne there is a small area of coal meas- 
ures with a few coal outcrops. Near Cokedale and Hamilton 
there is in each case a coal measure area in which well known 
veins of coal occur. 

The coal-bearing rocks above mentioned are composed es- 
sentially of shale, sandstone, and conglomerate, with very 
much irregularly embedded vegetal matter in the form of 
lignite or coal. These deposits have been made in lakes which 
were enclosed in basins of metamorphic rocks, mainly schists 
and slates. After the lake sediments accumulated to a g^eat 
thickness they were folded to such an extent that the strata 
are now often inclined at high angles. Since the disappear- 
ance of the lakes the lacustrine sediments have been largely 
removed by erosion, and it is possible that the removal has 
been so great in the cases of the smaller lake deposits that 
some of these may have been entirely eroded. 

Cokedale Field. 

Cokedale Mine. — ^At the town of Cokedale a coal mine has 
been in operation for a number of years. The mine is located 
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at the extreme northern limit of the coal basin, the lowest 
vein of cool being but a few feet from the schist which lies 
below. The coal measures of Cokedale outcrop along the 
northern boundaries of the district, but for the most part they 




are covered by the alluvial deposits of the Skagit river. The 
district is not believed to be a large one, extending from Cc^e- 
dale southward to the Skagit, and in an east and west direc- 
tion from near Lyman to a point a little way beyond Sedro- 
Wooley. 
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At the Ookedale mine three veins of coal are found, viz. ; the 
north or Klondike vein, the middle vein, and the south vein. 
The north vein is the lowest one in the series and has a 
thickness varying from lo to 25 feet; the middle vein lies 
140 feet above the north vein, stratigraphically, and has a 
thickness of from 4 to 8 feet, with an average of 6 feet; the 
south vein, lying 40 feet above the middle vein, has a thick- 
ness varying from 6 inches to 2j4 feet. The north and 
middle veins only are worked at the present time. 

The Cokedale coal veins at their outcrops stand about ver- 
tical, but in the lower mine workings they dip slightly to 
the southward. In the deformation of the coal measures the 
coal was so greatly broken that in mining it it is obtained 
only in small pieces, and never in large lumps. It is a good 
coking coal, and a large part of it is made into coke. The 
coal is all passed through washers after leaving the mine; 
the coarser part is then used for steaming and domestic pur- 
poses, while the finer part is taken directly to the coke ovens 
near by. Forty ovens are now in place. They are of the 
beehive pattern, each having a capacity of five tons. In 1901 
the output of the Cokedale mine consisted of 12,643 tons of 
coal and 5,806 tons of coke, and in 1902 it consisted of 19,017 
tons of coal and 601 tons of coke. 

Hamilton Field. 

A few miles east of the Cokedale district, and near the 
town of Hamilton, is a region of coal-bearing rocks known 
as the Hamilton field. This district lies chiefly between 
Cumberland and Day creeks, and extends from the Skagit 
river to the neighborhood of Deer creek. The rock outcrops 
of the Cokedale and Hamilton districts are separated by the 
broad alluvial plain of the Skagit, and it is not known at 
the present time whether the coal-bearing rocks extend from 
one district to the other. 

At several places in the Hamilton district coal veins of 
commercial importance are known to outcrop. .Upon some 
of these veins considerable development work has been done, 
and in times past some coal has been mined and sold. The 
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coal is of good quality, and of a variety that may be made 
into c<^e. As a rule the coal veins lie in such a position that 
they may be worked very readily. 

On the property of the Skagit Cumberland Coal Company 
and on the lands of Mr. J. J. Conner, near the mouth of 
Cumberland creek, there are a number of outcropping coal 
veins. The first of these is located on the bank of Cumber- 
land creek, not far from the contact of the coal measures with 
the underlying mica schist. This vein of coal has a strike of 
south 43 degrees east, and a southwest pitch of 55 degrees. 
It lies between sandstone walls, and has a thickness of about 




7 feet isl clean coal. About a hundred feet stratigr^hically 
above the vein just mentioned, is a second coal seam having 
approximately the same dip and strike, with a thickness of 
over 5 feet. Above the outcrop of the number two vein, at 
varjring heights on the mountain side, are outcrops of several 
other veins of coal with thicknesses ranging from a few 
inches to 4 feet. 

Toward the southern part of the Hamilton field, in the 
r^on about Day lake, coal outcrops at a number of places. 
In a few instances some development work has been done. 
In sections 13 and 24, T. 34 N., R. 6 E., the coal veins have 
a thickness varying from 8 to 12 feet. 

a 
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KING COUNTY. 

Nbwcastle-Issaquah Field. 

Newcastle and Coal Creek Mines. — Newcastle is one of the 
oldest coal mining towns in the state, the mines having been 
in continuous operation for the last forty years. It is located 
about ten miles southeast of Seattle and about three miles 
from the eastern shore of Lake Washington. Most of the 
mining has been done in sections 25, 26, and 27, T. 24 N., 
R. 5 E. The mines are reached from Seattle by a branch of 
the Columbia and Puget Sound railroad, which runs around 
the southern end of the lake, by way of Renton. Both mines 
and railroad are the property of the Pacific Coast Company. 
The Newcastle mines are very favorably situated with regard 
to transportation facilities, being only about seventeen miles 
by rail from tide water. 

TTie first discoveries of coal in this field were made in the 
valley of Coal creek, a small stream flowing into Lake Wash- 
ington, and along which all the principal openings are located. 
The coal measures outcrop in the bed of the stream and on 
both sides of the valley. The prevailing rock is a fine grained 
light colored sandstone, having the bleached appearance char- 
acteristic of rocks associated with coal. Beds of shale all 
more or less darkened by carbonaceous matter occur inter- 
stratified with the sandstones. Immediately underlying the 
coal measures and at a distance below the lowest coal vein 
of not more than 150 feet is an older formation whose relation 
to the coal measures is not definitely known. It seems to be 
composed largely of volcanic rock, but in the vicinity of 
Newcastle contains scattered through it fossil leaves and 
stems. In the vicinity of Issaquah, along the valley of Tib- 
bett's creek, a similar formation is seen underlying the coal 
measures but at this point the older rocks are evidently of 
true volcanic origin, being coritinuous with the mass of 
pyroxene andesite which forms Squak mountain nearby. To 
the northward of Newcastle the coal measures pass under a 
thick mantle of glacial drift which covers the whole surface 
of the country thereabouts. The structure of the field about 
Newcastle is that of a simple monocline, the strata dipping 
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northward at an angle of about 40 degrees. The strike of the 
measares is nearly due east and west. 

The coal at Newcastle has been mined from a number of 
openings at various times. The last mine was opened in 
1895, but it has not been working for the past two years. 
There are still about 100,000 tons of coal in this mine, and 
this will be taken out at some time in the future. At the 
present time active operations are confined to the new Coal 
Creek mine, located about one mile east of the town of 
Newcastle. Within this mine, and exposed along the creek, 
there are nine distinct seams of coal, but only four of them 
are being worked at the present time. The mine is opened 
by a double-track tunnel 5,800 feet long and 7 feet by 14 
feet, in cross-section. Electric lighting and haulage ar6 
employed. It is about four years since work was begun on 
the main tunnel of the Coal Creek mine and the coal has 
been shipped from it for the last three years. 

The main tunnel follows the course of the Bagley vein 
(known also as No. i and No. 2) for about 3,000 feet, or 
to a point where the Bagley vein splits into two parts. The 
tunnel then swings to the upper or northern bench and fol- 
lows along that for the remainder of the way. The total 
width of the Bagley vein before it splits is 22 feet. The 
northern or upper bench, after splitting, is about 7 feet wide 
and the lower bench 12 feet wide. From the end of the 
main tunnel a crosscut has been driven southward to the lower 
bench of the Bagley vein, and gangways driven along the vein 
both east and west. Nearly all the coal in the lower Bagley 
bench between the crosscut and the mouth of the tunnel has 
been taken out. The crosscut tunnel has been extended north- 
ward to veins No. 3 and No. 4, both of which are being worked. 
The lower workings are connected undergfround with an upper 
tunnel 1800 feet long, which opens on the hillside above the 
town of Coal Creek. The coal is mined by the breast and pil- 
lar system where the roof is bad and by the panel system where 
the roof is good. In the breast and pillar system chutes ten 
feet wide are driven upward from the main gangway every 
forty feet. At a height of twenty-five feet they are widened 
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out to twenty or twenty-five feet with pillars between 
them twenty-five or thirty feet wide. The breasts are 
carried upward to the next gangway above or to the 
surface, or as near to the surface as it is safe to go. 
Crosscuts four feet wide are driven through the pillars 
every sixty feet to allow of a circulation of air through 
all the workings. Each pillar is then split from the 
bottom upward by a ten-foot chute. This is carried up- 
ward to the top and the narrow strip six or seven feet wide on 
each side drawn from the top downward. In this manner all 
the coal is extracted except a row of stump pillars left to pre- 
vent the gangways from caving. All the workings from which 
the coal has been extracted are allowed to cave. In the panel 
system breasts about fifty feet wide are driven and pillars 
thirty feet wide left between them. This system can only be 
employed when the roof is very solid. In veins No. i. No. 2 
and No. 3 the breast and pillar system is the only one that can 
be employed on account of the shaky condition of the roof. 
The panel system is employed in vein No. 4, which has a much 
more solid roof than the other. Modifications of the two sys- 
tems are sometimes employed to suit the varying circum- 
stances. On the character of the roof depends to a consider- 
able extent the cost of mining. 

A slope was sunk on a vein near the mouth of the new tun- 
nel a number of years ago and a large amount of coal was 
taken out of it, but the mine caught fire about eight years ago 
and it was therefore abandoned and allowed to fill with water 
up to the water level. This vein splits in going westward and 
has been worked in the Newcastle mine as two distinct veins, 
separated from each other by about sixty feet of rock. In the 
new Coal Creek mine the same vein is known as No. 3, and 
when followed eastward it attains a width of about forty-two 
feet between walls, but of this width not more than two or 
three feet is clean coal. The remainder of it is composed of 
thin bands of clay, bone, and coal, alternating with one an- 
other. 

In the old Newcastle mine the veins when followed west- 
ward were found to be involved in a fault which threw them 
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about one hundred feet to the northward. Another fault oc- 
curs between the Newcastle and Coal Creek workings which 
has served a useful purpose in preventing the spread of fire 
and water from one set of workings to the other. No faults of 
any importance have been encountered in the Coal Creek mine. 
The strike of the veins is nearly the same in all parts of the 
mine. The dip varies from 38° to 40*, but is usually about 
the latter. The coal from Newcastle has been tilted upward 
from its original horizontal position without undergoing any 
internal movement within the seams, and therefore has not 
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lost its lignite character. It is a hard, compact coal with a 
bright lustre. It is used almost exclusively for steaming and 
for domestic purposes. None of the veins are of solid, clean 
coal, but all contain streaks of more or less bony coal, which 
must be hand picked and washed. 

It is not customary for the veins in the Newcastle field to 
be followed until they pinch out. Usually when followed any 
considerable distance the coal forms a relatively small propor- 
tion of the total contents of the vein. Some of the largest 
veins known to occur in the coal measures are not worked be* 
cause they have too high a percentage of ash. A layer of dirty 
coal or bone overhanging a workable seam detracts consid- 
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erably from its value on account of the difficulty of holding 
up such a roof. Sandstones make the best roof and impure 
coal and bone make the poorest. Care is taken in the mines 
not to leave very much coal behind in the abandoned work- 
ings. When brought into contact with air the coal left behind 
gradually heats and finally takes fire, owing to the oxidkion 
of its volatile constituents. Some disastrous fires have arisen 
from this cause, notably the one started eight years ago in 
veins No. i and No. 2, which is still burning. 

The outside equipment of the Coal Creek mine consists of 
a modern washing plant having a capacity of about 500 tons 
per day of ten hours. All of the coal from the mine is sent to 
the washers. About 1000 tons of coal are required to make 600 
tons of clean, marketable coal. The coal cars are dumped onto 
screens which allow the fine coal to pass through them. The 
coarse coal goes onto sorting tables, where the bone and rock 
are picked out by hand. The fine coal goes to the washing 
machines. A strong current of water is forced in from below 
and the coal and dirt are kept in constant motion by revolving 
arms and by the upward current of water. The coal being 
lighter than the dirt accumulates at the top and is washed 
over the sides. The dirt is drawn off from the bottom at in- 
tervals of about ten minutes. The coal as it passes from the 
washing machine falls into revolving screens, which separate 
it into two grades, nut coal and pea coal. Nut coal is put on 
the market for domestic use. The pea coal is used for steam 
making and a large amount of it is used under the company's 
own boilers. A 265 H. P. engine and dynamo generate power 
to run the electric motor and furnish lights for the main tun- 
nel. A subsidiary engine and dynamo furnish lights for the 
two towns of Coal Creek and Newcastle. Other engines run 
the fans and the washing plant. 

The mines about Newcastle have produced in round num- 
bers about five million tons of coal. The output for the year 
1901 was 130,957 tons, and for the year 1902, 140,841 tons. 

Issaquah Mines. — These mines are located two or three 
miles from the southern end of Lake Sammamish, at the north- 
ern base of Squak mountain, about six miles east of Newcastle. 
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Pacific Railway, which runs around the northern end of Lake 
Washingfton. The coal is a lignite similar to that of Newcas- 
tle and is used entirely for domestic purposes and for gener- 
ating steamu It is sold on the market under the name of Grand 
Ridge coal, the name being taken from one of the company's 
mines on the eastern end of the property. Most of the coal has 
been taken out of section 33, T. 24 N., R. 6 E., but in some of 
the gangways the coal has been followed westward into sec- 
tion 32, the 800 foot level of No. 4 vein having been driven 
more than half way across that section. 

Squak mountain forms the western part of a great mass of 
eruptive rock which is cut fairly in two by Issaquah creek, a 
They are reached by the Snoqualmie branch of the Northern 
comparatively insignificant stream which flows northward into 
Lake Sammamish. About two miles south of the town of Issa- 
quah the stream leaves the narrow gorge by which it flows 
through the mountain and enters a wide, level valley which 
extends northward to Lake Sammamish. The coal measures 
lie upon the northern flank of Squak mountain and dip to the 
northward at an angle varying from twenty to forty degrees. 
The mines are opened by slopes and water level tunnels driven 
on the western edge of the valley at the base of the mountain. 

There are five principal veins in the Issaquah series, vary- 
ing in width from five to eighteen feet. The dip of the veins 
has been found to increase with depth; at the surface it is 
about twenty degrees, but in the lowest workings it is thirty- 
eight or forty degrees. Operations are now conducted on veins 
No. 4 and No. 5. No. 5 vein is worked by a water level tunnel 
which runs westward into the mountain. The coal is now 
nearly all worked out above this level. During the past year 
an upper tunnel was run on the vein for a distance of about 
two hundred feet and the coal sent down to the washers over 
a 1200-foot incline. In this upper tunnel the vein is five feet 
in thickness and contains two seams of clay having thicknesses 
of four inches and two inches respectively. Vein No. i was 
worked by a slope 800 feet long, from which gangways were 
driven east and west from the 400-foot and 800-foot levels. 
This vein has a total width of eighteen feet, but there is only 
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eight feet of it that is clean enough to work. The remainder 
of the vein contains thin streaks of coal and bone interstrati* 
ficd. Vdn No. 4 is the principal producer at the present time. 
A rock tunnel was driven northward from the t>ottom of the 
slope on the 800-foot level of No. i vein to No. 4. and a large 
amount of coal has been taken out of No. 4 by this opening, 
and it is still pnxlucing a little coal. A new slope was sunk on 
No. 4 vein about a year and a half ago. It is now down a dis- 
tance of twelve hundred feet and it is proposed to sink it sttU 
deeper, TTits vein has been worked extensively to the west- 
ward, having been followed for two miles on the 8oO-fODt level. 
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or beyond Tibbett's creek. It is said to become too bony tn 
that direction to be worked with profit. This vein is only four 
and a half feet thick at the bottom of the slope, but when fol- 
lowed westward it widens to twelve feet, and at the point 
where work was stopped at the east end it is nine feet wide. 
On the 1200-foot level the west gangway is now in about aooo 
feet. At the face of the gangway the vein contains seven feet 
six inches of coal, with only one or two small partings of clay. 
At the face of the 1200-foot level east the vein showed nine 
feet ten inches of good coal, with very little clay. 

Thus far every attempt to drive the gangways eastward 
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under the valley of Issaquah creek has met with failure. The 
floor of the valley is composed of glacial sand and gravel to a 
depth of at least four or five hundred feet, and wherever this 
has been tapped by the gangways the miners have been driven 
out by floods of water and sand, and strong bulkheads of tim- 
and cement have had to be erected to prevent the mine being 
flooded. The last encounter of this kind was in the east gang- 
way of the 1200-foot level of No. 4 vein. Water and gravel had 
previously been encountered in the 800-foot level of both No. 
I and No. 4. It was hoped that at the 1200-foot level it would 
be possible to get under the valley, but in the workings sand, 
gravel and clay of the old valley were again encountered and 
the miners were driven out. 

The bottom of the ancient valley is considerably below sea 
level and it probably was occupied in pre-glacial times by an 
arm of Puget Sound, which at that time covered a much more 
extended area than at present. Lake Washington at that time 
constituted a part of the Sound, and beyond this lake a long 
arm of the sea occupied the basin of Lake Sammamish as far 
south as Issaquah. The debris left by the ice on its retreat 
has greatly modified the old topography and has completely 
filled up many of the old waterways. When the glacial mate- 
rial was encountered in the Issaquah mine it was found to be 
composed of clay, sand and gravel, with many large boulders 
scattered through it. It also contains a large amount of water 
under sufficient pressure to flood all of the tunnels which have 
been thus far driven into it. 

The structure of the field about Issaquah is very similar to 
that about Newcastle. The general strike of the coal measures 
is N. 8o* W., or within four degrees of that of Newcastle. This 
strike would carry the Issaquah veins to Newcastle, and it is 
probable that the veins of the two places, if not identical, are 
ait least in the same geological horizon. There is a vein at Issa- 
quah sometimes called the Bagley vein, but it is by no means 
certain that it is the same as the Newcastle vein of the same 
name. The gap between the two localities, Newcastle and Issa- 
quah, has lately been bridged to some extent by the workings 
of the Consolidated Coal Company's mine on Tibbett's creek. 
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described below. It serves to further strengthen the theory 
that the coal field is continuous between the two places. 

About two miles east of Issaquah the strike of the coal 
measures swings around to the northward and the veins dip 
westward. The Issaquah Coal Company has opened up some 
veins in Sec. 26, T. 24 N., R. 6 E., at a place known as Grand 
Ridge. Two slopes and a tunnel have been driven here, but 
no work is being done at present. It is the intention of the 
company to work out all of this coal by way of the Issaquah 
openings as soon as they find a way of tunneling under the 
Issaquah valley successfully. The veins at Grand Ridge are 
underlaid at a depth of about 250 feet by eruptive rocks, which 
may be seen outcropping along the railway. It is not likely 
that these rocks have been intruded into the coal measures, but 
probably constitute an older formation upon which the coal 
measures wiere laid down. Two veins have been worked at 
Grand Ridge, the upper one being four feet and the lower one 
seven feet in thickness. They pitch N. 68* W. at an angle of 
25 or 30 degrees. The coal seams in this mine are underlaid 
with clay and considerable trouble has been experienced be- 
cause of the clay floor squeezing up into the tunnels. 

The Issaquah mines (formerly known as the Gilman mines) 
were opened by the Issaquah Coal and Iron Company in 1887. 
The holdings of the company embrace a tract of land five 
miles long by one and a quarter miles wide. Up to the pres- 
ent time about three hundred and twenty acres of coal have 
been worked out, and the mines have yielded about 1,500,000 
tons of coal. The output for 1901 was 121,829 tons, and for 
1902 it was 117,184 tons. 

The Consolidated Coal Company of Seattle is opening a 
new mine on Tibbet's creek, between Issaquah and Newcastle. 
Two tunnels have been driven on the east side of the creek in 
the southern part of section 32. One tunnel is about 90 feet 
long, and the other 175 feet long, both on the same vein. This 
vein measures eight feet in width and contains only one two- 
inch streak of clay. It is probably the same vein as No. 6 of 
the Issaquah Coal Company, whose western gangways on the 
veins lying above No. 6 have passed under Tibbett's creek not 
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very far north of the Consolidated workings. The g^eral 
strike of the veins on Tibbett's creek is the same as at New- 
castle and Issaquah, and the dip is to the north. As soon as 
facilities are arrange the coal will be hauled from the mine 
to the washery, a distance of three and a half miles^ by an 
electric motor. The washery and bunkers will be situated on 
the railroad, about a mile and a half below the town c^ Issa- 
quah, where the company has acquired a site for its plant. 

Renton-Cbdar River Field. 

The depression occupied by Lake Washington is continued 
southward first as Black river valley, and then as White river 
valley. Less than a mile from where Black river leaves Lake 
Washington, Cedar river enters the former from the eastward, 
flowing through a narrow, steep-sided valley for a number of 
miles and entering the broader valley at the town of Renton. 
Between the valleys of Cedar river and White river there is a 
plateau which from the surface indications seems to be com- 
posed entirely of glacial drift. It has an average elevation of 
about four hundred feet above the level of the bordering val- 
leys. Along the steep-sided northern and western edges of 
this plateau, especially near the town of Renton, the coal 
measures outcrop from beneath the covering of glacial drift. 
Seven or eight miles farther up the valley of Cedar river the 
coal-bearing rocks are again exposed, where the Cedar moun- 
tain mine has been opened. 

Renton Mine. — ^The Renton coal mine is located on the hill 
back of the town of Renton, at the southern end of Lake 
Washington, near the point where Cedar river enters the 
northern end of White river valley. The main tunnel of the 
mine runs in an easterly direction into the hillside about half 
a mile south of the town and not more than thirty or forty 
feet above the level floor of the valley. 

Coal has been mined in the vicinity of Renton for the last 
thirty years. The old Talbot mine, located south of the pres- 
ent workings, was worked out many years ago and abandoned. 
The present mine is located between the old Talbot workings 
and Cedar river valley. While three veins are known to occur 
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here, only two are being worked at the present time. These 
veins are known as No. 2 and No. 3, the former overlying the 
latter at a distance across the strata of about eighty-seven 
feet. The veins dip eastward at an angle varying from fifteen 
degrees at the surface to ten degrees at the bottom of the 
slope. The strike of the veins in the present mine is nearly 
due north and south. In the south workings of the Talbot 
mine the measures swing around to the westward, the change 
in direction being much more pronounced in the upper levels 
of the mine than in the lower ones. To the northward of the 
main slope in the present mine the veins have been followed 
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until the surface gravels were reached in the Cedar river val- 
ley, a distance of about 3500 feet. The veins do not outcrop 
anywhere on the surface, but are covered to a depth of twenty 
or thirty feet by glacial gravel. 

In the development of the mine most of the work done thus 
far has been on No. 3 vein. On this vein a slope iioo feet long 
has been sunk, through which until recently all of the coal 
mined was brought to the surface. The coal is now all taken 
out through a tunnel 400 feet long which enters the hill a lit- 
tle above the valley level and connects with the slope. Four 
levels have been driven north and south from the slope. Four 
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rock tunnel connects veins No. 2 and No. 3. No. 2 has only 
recently been opened, but it is rapidly being put in shape for 
extensive working. 

No. 3 vein is about nine feet thick, nearly eight feet of 
which is good coal. In the northern part of the mine there is a 
three-foot layer of bone, shale and clay overlying the coal. 
These materials scale off and do not make a good roof. They 
are in turn overlaid by a thick bed of soft, white, incoherent 
sandstone. To the southward the bone, shale and clay thin 
out until the sandstone lies directly upon the coal. No. 2 is a 
sixteen-foot vein, only the upper seven feet of which is 
worked. The roof of this vein for several feet overhead is a 
hard shale which usually makes a good roof, but occasionally 
scales off. Everywhere in this roof of shale are found stumps 
of trees standing upright, with their roots still embedded in 
the ancient soil. Tree trunks lying prostrate also occur, some 
of them forty or more feet long. The soil on which this forest 
grew lies directly upon the topmost layer of coal. The soft 
vein matter which forms the floor of the workings on No. 2 
vein keeps squeezing up so that the floor is continually rising 
and has to be lowered occasionally. There is another vein 
still higher in the series, known as No. i. It outcrops on the 
hillside above No. 2, but not much known as to its value, 
since it has never been prospected to any extent. 

A number of irregularities in the strata have been encount- 
ered in the mine. On the north side of the main slope a fault 
occurs, having a throw varying from fifty feet in the upper 
levels to 80 feet in the lowest level. This fault is a simple 
break in the strata whereby the rocks have been pushed past 
each other so that they overlap for a distance of forty or fifty 
feet. In the south level a similar fault occurs with the strata 
overlapping. This fault has a throw of forty-five feet. Ap- 
parently the large block forming the center of the mine has 
been forced down by lateral pressure and the two outer sides 
forced upwards on it. There are a number of minor irregulari- 
ties in the vein but none of them have interfered seriously 
with the process of mining. A disturbance in the strata also 
occurs in the valley of Cedar river. This is shown by the fact 
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that extensive prospecting on the north side of the valley 
has failed to find the coal where it should occur if a break in 
the strata or a sudden change in the strike had not taken 
pUce. 

The sandstone which forms the greater body of the en- 
closing rock is very soft and friable. When thrown on the 
dump it quickly crumbles into loose sand. Considerable 
trouble has been experienced on account of the walls squeez- 
ing together thereby necessitating constant retimbering. This 
crushing movement is due chiefly to the flatness of tlie vein 
and the unconsolidated character of the overlying rocks. 




The Renton coal is a black lignite. At the present time 
about 40a tons per day are being taken out. The coal is 
hand picked and washed with Howe washers before being 
placed upon the market. The mine is now the property of 
the Seattle Electric Company, who use about half of the entire 
output in their own furnaces and the rest is placed upon the 
market as a domestic and steam coal. The total output of the 
mine for 1901 was 72^65 tons, and for 1902, 104,071 tons. 

Cedar Mountain Mine. — Cedar Mountain is a station on the 
Columbia and Puget Sound Railway about twenty miles 
southeast of Seattle, and six miles east of Renton. Formerly 
it was an important coal shipping point but of late years it 
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has not been very active. At this place several seams of coal 
miay be seen outcropping in the railroad cuts and in the bed of 
Cedar river. The most important vein is known as No. i, 
which varies from eleven to fifteen feet in thickness, practically 
all of which is clean coal. This is the vein that was worked 
in the old Colman mine on both sides of Cedar river for a 
number of years and was a great producer in its day. The 
Colman mine was worked by a slope from which gangways 
were driven both north and south on vein No. i. The north 
workings were continued until the g^gways ran into an 
old pre-glacial stream channel which cut out the coal in that 
direction. Southward of the main slope the gangways were 
extended until they encountered a fault of unknown extent, 
beyond Which the vein seemed to be lost. Surface prospect- 
ing for a long time failed to discover what had become of 
the lost vein and after all the coal had been worked out north 
of the fault the mine was closed down in 1892. 

In 1898 the Cedar Mountain Coal Company opened a new 
mine on a vein known as No. 2, lying below No. i. No. 2 is 
nine feet thick but contains a seam of dirt a foot or more 
in width which must be mined with the coal. Until a wash- 
ing plant is built this coal cannot compete in the market with 
the washed coal of other mines. Nevertheless from No. 2 
there was shipped 13,500 tons of coal in 1901, but active opera- 
tions ceased in the spring of 1902 because of a change of 
ownership of the mine. The coal from No. i vein never re- 
quired washing but was shipped just as it came from the 
mine. 

More thorough prospecting has lately uncovered No. i 
vein on the other side of the fault from where it was aban- 
doned in 1892. The surface of the country away from the 
river is heavily covered with brush and fallen timber and the 
solid rock lies beneath a mantle of gravel, sand, and soil many 
feet in thickness. This accounts for the delay in finding the 
vein. The coal is a hard black lignite and is a good domestic 
and steam coal. It contains a high per centage of moisture and 
volatile hydrocarbons but burns freely and when it was on the 
market was popular as a domestic coal. 
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The Cedar Mountain Coal Company own all of section 
thirty except the south half of the south half. They also own 
nearly all of section nineteen south of Cedar river. Several 
other veins of coal occur on their prt^erty, but beyond the 
fact of their existence little is known of them. It is probable, 
however, that some of them will yet prove to be valuable. 
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NiBLOCK Field. 

The Niblock Coal Company own lands to the extent of 
3,160 acres lying about two miles south of Snoqualmie Falls. 
A short branch railroad has just been completed to the mine 
from ttie Snoqualnne branch of the Northern Pacific Railway, 
ccmnecting with the main line about half a mile above the 
Falls. The Green River Northern branch of the Northern 
Pacific Railway is also being extended into the same region 
and will make its terminus in the Niblock property. This 
latter road is being built primarily to take out the splendid 

U 
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timber wliicli covers all that re^on b^t it will also afford an 
outlet to the southward for the Niblock coal. The distance by 
rail to tide water in either direction is about fifty miles. The 
region in which the coal occurs is about nine miles east of 
Issaquah and well within the foot hills of the Cascade range. 
The strata are considerably more disturtied and broken than 
are those of Issaquah and Newcastle. The coal has lost its 
lignite character and has become a soft bituminous coldi^ 
coal. The region is one of somewhat ru^red topography. 
The coal lies upon the western side of a ridge about a thou- 
sand feet high which parallels Snoqualmie valley for several 
miles above the falls, and which is composed in large part of 
eruptive rocks. To the west and south of the Falls there 
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are a number of ridges and isolated hills composed of eruptive 
rocks which fonn conspicuous features of the landscape. 
Their relation in age to the coal measures has not been satis- 
factorily determined, but in the Niblock field it is evident 
that, in part at least, they are older than the coal measures. 

There are eight veins of coal known to occur within the 
field, but only two of them have been prospected to any great 
extent. These are known in the series as No. 3 and No. 5. 
Vein No. 3 varies in width from seven to nine feet. It is a 
first class coking and blacksmithing coal, and has been exten- 
sively prospected by tunnels and test pits, the longest tunnel 
being about 700 feet. Vein No. 5 consists of two benches 
of coal, each about six feet thick and separated from each 
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other by eighteen inches of bone and shal.e The upper bench 
is rather soft and dirty but the lower bench is good com- 
mercial coal. It consists of three or four layers separated 
from each other by thin partings of clay. Both veins are 
enclosed in sandstone walls. 

The strike of the coal measures is north 12 degrees west 
and the dip is to the southwestward, at an angle of from 
forty-five to sixty degrees. The veins in places are pockety, 
i. e., they widen and contract quite rapidly. This in itself 
does not involve much loss of coal, since what is lost in one 
place is gained in another, but during the process of pinching in 
which the walls were slid along one another a considerable 
amount of the wall rock was mixed in with the coal thereby 
rendering some of it too dirty to be of any value. 

The development work on the Niblock property has ex- 
tended over a period of ten years or more and consists of sev- 
eral tunnels and a large number of test pits. About $25,000 
in all has been spent in putting the mine in shape to ship 
coal. The lowest tunnel, through which it is intended to 
work the mine, has been driven a distance of four or five 
hundred feet. An inclined tramway leads from the mine mouth 
to the washing plant and bunkers situated on the railway 
track. A coking plant is also contemplated to treat the coal 
from vein No. 3. Some of the other veins will probably be 
found clean enough to work when they are developed. The 
region is all very heavily covered with thick underbrush mak- 
ing it difficult to explore, and this accounts in part for the 
slowness with which the mines are being opened. 

Racing Rn^R Field. 

The Raging River field lies a few miles to the southwest of 
the Niblock field and embraces a considerable portion of T. 23 
N. R. 7 E., on the western side of Raging river. No mines 
have ever been developed in this district and little is known 
of the extent of the coal. Surface croppings have been found 
in many places over an area of eight or ten square miles, and in 
several instances prospect tunnels have been driven as far as 
200 feet. The coal for the most part seems to be considerably 
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broken up and has been rendered bituminous. An eig^ht-foot 
vein occurs on secJtion 8, while the crapping^s of seven or eight 
veins have been found on sections i6 and 21. On section 26 
much tunnel work has been done in times past but little of 
value has been found. 
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In the region south of Raging river coal has been found 
north of Walsh lake in section four. In section 3 a coal 
vein shows in a deep gulch along the Colunxbia and Puget 
Sound Railroad, about half a mile above Sherwood Station. 
This vein stands perpendicular, with a north and south strike. 
A short tunnel has been driven on the vein but the coal did 
not prove to be of any value. The region is one of low relief 
and the surface is nearly everywhere covered by glacial drift. 
It is probable that the coal measures underlie all of it. From 
the occasional outcrops found it is evident that the rocks are 
thrown into a series of north and south folds which involve the 
Niblock and Raging river fields. 

Green River Fiblo. 
This coal field is located about thirty miles southeast of 
Seattle, on the line of the Columbia & Puget Sound Railway. 
It includes most of T. 21 N. Ranges 6 and 7 E., with portions 
of the adjoining townships north and south. Green river 
flows along the southeastern edge of the field in a deep canyon 
cut in the coal bearing rocks. Away from the river the surface 
of the country is covered with glacial drift, in some places 
to a considerable depth, but usually with only a thin coat- 
ing. Along the railroad between Black Diamond and Frank- 
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lin the coal bearing rocks appear in the cuts. They are mostly 
sandstones, weathered into light buff or brown tints by the 
oxidation of the iron. A large number of shale beds occur, 
more or less darkened by the carbonaceous matter which 
they contain, and associated with them are about forty beds 
of coal, bone and black shale, varying in width from a few 
inches to forty feet or more. Only three or four of the coal 
seams are clean enough to work. The McKay or Black Dia- 
mond vein is by far the most important of all, and varies 
in width from four feet six inches to seven feet, practically all 
of which is clean coal. The McKay vein has produced nearly 
all of the coal mined in the district. At the present time it is 
the only vein worked outside of the Franklin mine, where two 
other veins are being worked, viz., the Gem and the Fulton or 
No. 13 vein. The Fulton vein is about forty feet wide be- 
tween walls but contains many streaks of bone, and only a 
small part of it can be worked. The Gem vein, lying above 
the McKay and Fulton veins, is three feet wide, without any 
partings of bone or clay in it. Other veins occur above and 
below these but it is not believed that any of them are clean 
enough to work. 

The rocks of the district have been thrown into broad 
open irregular folds trending in a general way northeast and 
southwest and pitching to the southwest. Black Diamond is 
on the western edge of the field and Franklin on the eastern 
edge. The two mines of the Black Diamond Coal Company, 
No. II and No. 14, are located on the western side of an 
anticline and the Lawson mine and the old Light Ash mine 
are on the corresponding eastern side. Between Lawson and 
Franklin the strata form a basin on the eastern rim of which 
the Franklin mines are opened, the veins dipping westward 
at steep angles. The intermediate mines, Black Diamond No. 
12, and Franklin No. 7, are located upon the northern rim of 
the basin. 

Coal was first discovered along Green river in 1880 and 
the Black Diamond and Franklin collieries were opened two 
or three years later. At the present time there are seven 
mines in operation and the total output is not far from 1,500 
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tons per day. The coal is a high grade semi-bitumioiioos 
steam coal and used very largely for locomotives and steamers. 
It leaves only a small quantity of ash, with no clinkers. In 
composition it occupies an intermediate position between the 
lignites of Renton and Newcastle and the bituminous coking 
coal <rf the Wilkeson-Carbonado district. 

Black Diamond Mines.— These mines, two in number, are 
located on the western edge of the field, in sections 1 1 and 14. 
The old slope, No. 14, is sunk on the Black Diamond vein 
in section 14. Three levels have been driven on the vein 
in both directions, from the main slope. From the third level 
a second slope has been sunk and two levels driven from 
it. The Black Diamond vein is the only one worked in this 
mine. It varies in width from five feet ten inches to six 
feet three inches. The coal is so clean that it does not require 
washing but is placed on the market just as it comes from 
the mine. The levels driven southward from the slopes ran 
into broken ground in the vicinity of Lake Jones and the 
vein was not followed any further in that direction. In the 
northern part of section 14 three minor faults were encountered 
in the workings. The third one near the line between mines 
Nb. 1 1 and No. 14, was not penetrated but was left to serve as 
a wall between the two sets of workings. In the north 
end of mine No. 14, the strike of the vein is almost 
due north and south, but when followed southward 
it swings to the eastward almost at right angles. 
The nature of the disturbance in the strata at Lake Jones is 
not definitely known, but it is supposed that there is a sharp 
synclinal axis accompanied by faulting. Whether or not the 
Black Diamond vein and the McKay vein are identical is still 
open to dispute. They are generally believed to be the same 
but until that part of the field around Lake Jones is explored 
underground the question can not be settled. 

No. 1 1 mine is opened by a slope one mile north of No, 
14. There are two veins in the No. 11 mine, one known as the 
little vein and the other as the Black Diamond vein. The 
little vein lies above the Black Diamond vein about eighteen 
or twenty feet. It is rather dirty and is not being worked at 



Coal Deposits of Washington. 



201 



present because the coal would have to be washed. The main 
slope, 1,600 feet long, is sunk on the little vein. Another slc^e 
400 feet long goes down to the fourth level, which is the deep- 
est in the mine. From the two slopes gangways have been 
driven north and south, the south gangway going as far as the 
fault, which separates No. il from N0.14. Northward the 
vein has been followed over 5,000 feet. It goes first north and 
then swings to the eastward into section 13 where it has an 
almost east and west strike. 




Black Diamond mine No. 12 is on the opposite side of 
the anticline from the two other mines of the company. It 
is opened by a slope on the McKay vein near the eastern 
boundary of section I3. It is not being worked at the present 
time. 

The Black Diamond mines are owned by the Black Dia- 
mond Coal Company. They pTX>duced in 1901, 237,000 tons 
and in 1903, 258,996 tons. 

Pnmidin Minea, — The Franklin mines are owned by the 
Pacific Coast Company. The property of this company in- 
cludes four sections of land directly east of the Black Dia- 
mond mines. At Franklin three veins are being worked, the 
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McKay, the Fulton or No. 12, and the Gem. The first two 
are operated by means of a slope, and the Gem by means of a 
tunnel, which is over a mile long. The opening of the Gem 
tunnel is in section 19, and it runs northward throng'h most 
of section 18. A shaft is being sunk near the mouth of the 
Gem tunnel to open up the McKay vein, which it is expected 
will be found at a depth of about 1,350 feet. The McKay vein 
was formerly worked by way of the main slope of the old 
mine as far down as the seventh level, but at the time of the 
big explosion, several years ago, the mine took fire and had to 
be flooded. 
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The three Franklin mines. No. I. No. 7, and Gem, pro- 
duced in 1901, 129,171 tons, and in 1902, 190,080 tons. 

Lawaon Mine. — The Lawson mine is located on the west- 
em rim of the McKay basin, in the western part of section 13. 
It is the northward continuation of the old Light Ash mine. 
A slope 1400 feet in length has been sunk on the McKay vein 
which is the only one worked in this mine. The vein averages 
in thickness about four feet four inches of clean coal. This 
mine makes considerable gas, and the safety lamps are used 
in nearly all the underground workings. The coal that is to 
be reached from this slope covers the space between the Light 
Ash mine on the south and Black Diamond No. 13 on the 
north. It is estimated that there are as yet 5,000,000 tons of 
coal within reaching distance of the Lawson slope. The out- 
put of the Lawson mine in 1901 was 97,329 tons, and in 1902, 
107,750 tons. 

Kummer Mine. — This mine, belonging to the Denny Clay 
Company, is located at Kummer, on Green river, 
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toward the western border of this field. Kummer is reached 
by a branch line of the Columbia & Puget Sound Railway. 
The mine is not worked extensiveli', the output being limited 
to the coal used in the works of the Denny Clay Company in 
Seattle. The number of tons mined in 1902 was 10,044. 

Raventdale Mines. — ^The Ravensdale or Leary mines are 
located on the Palmer cut-off in section 36, T. 22 N., R. 6 E. 
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They are the property of the Seattle & San Francisco Rail- 
way Company. The mines are located on a series of veins 
which outcrop about a mile and a half north of the most north- 
em mines of the Black Diamond Company. Between Ravens- 
dale and Black Diamond there are no rock outcrops, since the 
country is flat and swampy and is covered with glacial drift 
to an unknown depth. It seems probable that the Ravens- 
dale veins occur considerable higher in the series than those 
of Black Diamond and Franklin. The end of the north gang- 
ways of Black Diamond mine No. 1 1 shows the strata dipping 
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northward, and at Ravensdale, a mile and a half further north, 
they are dipping in the same direction at angles varying from 
twenty-five to forty-five degrees. Unless there should be a 
fold in the intervening space, which is not impossible, the 
Ravensdale veins must be assigned to a considerably higher 
place in the coal-bearing series than those of Black Diamond. 
Six veins of workable size occur in the Ravensdale series, 
the two extreme ones being about eighteen hundred feet ^art, 
measured across the strata. Only three veins. No. 4, No. 5, 
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and No. 9 are being worked at the present time. They out- 
crop on both sides of a small creek, and tunnels have been 
driven east and west on the outcrops. Those on the west 
side are being the most actively developed. 

Vein No. 3 has been opened by tunnels on both sides of 
the creek. It contains five benches of coal varying in width 
from nine to twenty-nine inches and separated one from 
another by clay partings from two to six inches, in thickness. 
The vein contains too large a proportion of waste and is not 
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being worked. No 4 vein is over eighteen feet wide between 
walls and contains three benches of coal, with widths of one 
foot six inches, three feet six inches, and five feet six inches 
respectively. Tunnels have been driven on No. 4 vein on both 
sides of the creek, but only the west tunnel is now being 
worked. Vein No. 5 is over eighteen feet wide, fifteen feet 
of which is coal. The vein contains several partings of bone 
from an inch to a foot in width. It is worked on the west 
side of the creek by a tunnel now in a distance of 1,500 feet 
and a slope about 420 feet long. The next workable vein 
above No. 5 is known as No. 9. It contains a bench of about 
three feet of good coal in the middle of the vein. It is opened 
by tunnels CHi both sides of the creek. Two other veins, No. 
1 and No. 2, have been uncovered but neither of them are 
considered clean enough to work. 

An electric locomotive is used in hauling the coal from 
the mine nvouth to the washery. All of the coal is hand 
picked and washed before being placed upon the market The 
company has a well equipped washery capable lA handling 
about four hundred tons per day. Ttie coal is used for steam 
and domestic purposes. The output of the Ravensdale mine 
in 1901 was 63,578 tons, and in 1902 71,426 tons. 




Fig. 16. Ctbw ■eettod oTTdn, Xutlcr Mine. (W. J. Wood.) 

Kan^ey Mine. — The Kangley mine has been shut down for 
the last four years, but for a number of years previous to that 
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date it was a good producer. It is situated on the Green 
River Northern branch of the Northern Pacific Railway, 
about four miles north of Palmer. It was worked by a slope 
twenty-three hundred feet long, and gangways three-fourths 
of a mile long. There was only one vein worked and this 
was so badly faulted that the mine was finally abandoned. 
The pitch of the vein is to the eastward at an angle of 35 to 
40 degrees. The coal produced was bitunrinous and of good 
quality. 
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Alta Mine. — The Aha mine was worked on the extension 
of the Kangley vein, in section 36, but it was abandoned when 
a fault was encountered. 

Durham Mine. — ^The Durham mine, belonging to Balfour, 
Guthrie & Company, is located on the railroad half way 
between Kangley and Palmer. It has never been worked to 
any great extent. 

Coal veins are known to outcrop on Sugar Loaf Mountain, 
in section 34. Three veins have been uncovered and a tunnel 
fifty feet long driven on one of them. The title to the property 
is now in dispute and until it is settled not much development 
work will be done. The veins strike nearly east and west 
and dip to the northward at an angle of about 23 degrees. 
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Palmer Junction marks the eastern limit of the coal-bearing 
rocks in the Green River valley. East of this point the river 
flows in a deep valley or gorge cut entirely in eruptive rocks. 
A number of veins outcrop in the region south of Palmer in 
sections 14, 15, 22, 23 and 24, as well as at the Gibbon mine 
in section 16, and at the Carbon and Sunset mines in sections 
21 and 38. A railroad spur two or three miles long runs to 
the Pocahontas mine, which is located in section 24, Along 
the tine of this railroad a number of coal seams appear in 
the cuts, some of them ten or twelve feet wide. 

Pocafaontai Mine — At the Pocahontas mine a rock tunnel 
twelve hundred feet long has been driven to crosscut the 
veins at right angles. Three veins were encountered in the 
tunnel and there are yet three or four lying above these which 
the tunnel will cut through when extended. 7*he strike of 
the coat measures is north and south, and the veins dip east- 
ward into the mountain side at an angle (^ thirty-five degrees. 
The coal is bituminous and of a good furnace quality. A 
great deal of gas was encountered in driving the tunnel and 
all the workings must be well ventilated. The bunker site 
is situated at the end of the railway track, about half a mile 
west of the mine mouth. A two-foot vein of dirty coal out- 
crops near the bunker site, dipping westward at a steep angle. 
At the mine half a mile east the veins dip in the opposite 
direction, showing that the arch of an anticline is located in 
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the intervening space. Work has been suspended for the 
present at the Pocahontas mine but it is expected that opera- 
tions will be renewed eaily in the fntoie. 

Gibbons Mine— The Gibb<His mine (formerly the Occi- 
dental mine) is situated in the southeast quarter of section 
i6, about a mile from Palmer. A short spur connects it with 
the main line of the Northern Pacific Railway. It is sitoated 
at the eastern base of Lizard mountain and forms part of the 
Lizard mountain coal basin. The veins dip to the southeast 
at an angle of about 45 degrees. The strike is fairly regular 
but the veins are greatly crashed and brecciated. In some 
places large angular blocks of white sandstone are imbedded 
in the vein matter. Ten veins are known to occur on the 




property and of these eight have been worked more or less. A 
tunnel has been driven on vein No. 3 and the other veins have 
been worked by way of this tunnel. The veins are rather 
more broken up than is usual in the mines of this district 
and the irregularities have interferred seriously with the 
progress of development. The output is now from sixty to 
seventy tons per day. The coal is not washed but is shipped 
just as it comes from the mine. Considerable gas has been 
met with in some of the workings. All the development thus 
far has been above water level. The output in 1903 was 
3,225 tons. 

On section 21, which is the next section south of the one 
on which the Gibbons mine is located, the Carbon Coal Com- 
pany opened a mine six or seven years ago. It was operated 
for three years and has been closed down since that time. The 
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mine is opened it the southeast base of Lizard mountain, the 
nwutfa of the tunnel being within a few hundred feet of the 
main Hne of the Northern Pacific Railway. A small washing 
plant and bunkers were installed alongside the railroad track. 
It is possible that this mine may again be put in operation 
sometime in the future. 

There is a group of several mines around Cumberland sta- 
tion, all located in section 28. Of these the Sunset mine, 
located in the southern part of the section, is the only one in 
operation *t the present time. Two veins are being worked 
in the Sunset mine, each of them containing about three feet 




of coal. Vein No. 2 lies about two hundred and fifty feet 
above No. i. The Navy mine is worked out, and the Eureka 
mine has been closed down for a long time. 

PIBRCB COUNTY. 
Carbon Rivir Field. 
This field lies about midway between the city of Tacoma 
and Mount Rainier. All of the producing mines are in the 
northern part of the field and not far from the main line of the 
Northern Pacific Railway. A branch of the Northern Pacific 
Railway enters the district by way of South Prairie Junction 
and reaches all of the mines in this field. Another branch 
leaves the main line at Crocker Junction and runs up Carbon 
river canyon to the Carbonado mines. The field includes all 
the mines centered about the towns erf Burnett, Wilkeson, 
Carbonado, Melmont, and Fairfax. All the mines are located 
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along Carbon river and its tributaries. South Prairie creek, 
Gale creek and Evans creek. Carbon river, which derives 
its name from the numerous outcroppings of coal along its 
course, flows for about eight miles through the district. Be- 
tween Melmont and Carbonado and for two miles below the 
latter town the river flows through a deep and precipitous 
canyon, the upper part of which is cut in a hard eruptive rock 
and the lower part in the coal measures. The topograptiy 
of the district is somiewhat varied, being more rugged in the 
southern part where it approaches the mountains. Gale creek 
and South Prairie creek flow through shallow valleys cut for 
the most part fn the coal measures. Away from the streams 
the surface is covered with glacial drift varying in depth from 
a few feet to nearly a thousand feet. Old stream* channels 
filled with drift have been encountered in several places in the 
underground workings of the mines. Numerous potholes, 
some of them of great size, indent the surface of the region. 
The whole country was formerly entirely covered with a heavy 
growth of timber but in the vicinity of the older mines most 
of it has been removed for mine purposes. In the southern 
part much splendid tinuber still remains and forms a valuable 
asset to the resources of the district. 

In the Carbon river canyon a section of the coal measures is 
exposed five thousand feet in thickness which dips to the west- 
ward at steep angles. All the workable seams are contained 
in the lowermost three thousand feet. Other sections of the 
coal measures are shown along Gale, South Prairie and Evans 
creeks. 

The coal measures have been thrown into a series of north 
and south folds which extend from one end of the field to the 
other with scarcely any change in direction. In the northern 
end of the field there is one main anticline known as the Wilke- 
son arch. From Carbonado southward a number of smaller 
folds occur and the rocks are considerably more distorted. 
More or less connection may be traced between the veins of 
Burnett, Wilkeson and Carbonado but in the newer mines of 
Melmont and about Fairfax the relation between the veins of 
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the different mines is not so well known. In every mine in 
the district from half a dozen to a dozen veins of more or less 
value are know to oocur. 

The coal of the Carbon river district is a bituminous coking 
and steam coal. A considerable amount of it is also used for 
gas making and blacksmithing purposes. Not all the coal 
makes good coke, but that of Wilkeson and Fairfax is used 
very largely for this purpose. It is probable that as soon as 
the new mines of M<elmon.t, Monitezumta and Hillsboro get 
their coke ovens built the output of coke from the district will 
be more than doubled. In the southern end of the district, ow- 
ing to the disturbed condition of the strata, the coal is richer 
in fixed carbon and its coking qualities are better. At the 
present time the total output of the district is about two 
thousand tons per day, about one-fourth of which is made into 
coke. 

Burnett Mines.— 'These mines are opened along South 
Prairie creelc in the most northerly part of the Carbon River 
field, the present opening being not more than half a mile 
from the main line of the Northern Pacific railway. The 
property belongs to the South Prairie Coal Company and 
consists of eleven hundred acres in sections i6, 21, and 22, T. 
19 N. R. 6 E. The mines were opened twenty-one years ago 
by Mr. C. H. Burnett, the present superintendent and general 
manager. Up to the present time over one million tons of 
coal have been taken out and it is estimated that there are still 
nearly five million tons available. Operations have been con- 
ducted on both slopes of the great Wilkeson anticline which 
in this part of the field has a strike of N. 25 degrees W. and 
pitches to the northward. At the present time all the coal 
is being taken from two veins on the eastern dip. The good 
coal has not been found to extend northward more than a 
third of a mile beyond the town of Burnett. The coal 
measures in that direction pass under a heavy mantle of drift 
and the northward dip of the strata carry the veins downward 
to a considerable depth. Above the town the strata are ex- 
posed along both sides of the creek for several miles. Form- 

14 
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eriy there were targe sandstone quarries located just above 
Burnett but they have not been working for several years. 

Tlic present Burnett niine is worked by means of a slope 
sunk in vein No. i on the eastern dip. It runs diagonally 
down the pitch of the vein to a vertical depth of six hundred 
and twenty-five feet. From a point on the slope four hundred 
feet from the entrance a rock tunnel was driven across the 
strata to veins No. 4 and No. 5. No. 5 vein does not outcrop 
on the surface and its existence was not suspected until it was 
encountered in the tunnel. Veins No. 2 and No. 3 were 
opened by water level tunnels on the western side of the 
anticline. No. 2 being followed for twenty-four hundred feet. 
On the western dip the veins stand at an angle of from fifty 
to eighty degrees, but on the eastern dip they are not so 
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steep. It is probable that vein No. i on the east side is 
identical with vein No. 2 on the west side, and that No. 4 
corresponds to No. 3. No. 4 and No. 5 are the only veins 
being worked at the present time. No. 5 shows three feet 
eight inches of clear coal and has been opened up by a gang- 
way over four hundred feet long. A chute was driven up- 
wards on No. 5 from the mlain gangway and at a height of four 
hundred and eighty-five feet the vein turned over and started 
down on the western dip, having reached the top of the fold. 
The turn was made without breaking the vein or the enclosing 
rocks to any appreciable extent. 

On vein No. i the gangways were driven a distance of ten 
thousand feet, the southern end of the gangway being directly 
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under the stone quany at Wilkeson. Vein No. 4 contains 
three feet of coal with a clay band in the middle which varies 
in thickness from two to twelve inches. Old No. i is not beit^ 
worked at the present time. It ccmtains three and a half feet 
of coal. There is still a large amount of coal blocked out in 
the north gangway which is in a distance of fifteen hundred 
feet. On No. 4 the gangways have been driveo southward 
eight thousand feet and there is still nine hundred feet to be 
driven in that direction. 

Three pumps of a total ca^iacity of three million gallons 
per day are employed to keep the mine free of water. All 
the coal is washed before being placed upon the market. A 
large amount of it is used in gas manufacture and for steam- 
making in the various cities about Puget Sound. The output 
of the mine in 1901 was 77,255 tons and in 1903, 32,003 tons. 
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Wilkeson Mine. — The Wilkeson mine is one of the most 
extensively developed properties in the Carbon River field. 
The underground workings extend in an approximately north 
and south direction through sections 27 and 34, T. 19 N. R. 6 
E, and section 3, T. 18 N. R. 6 E. The main opening to the 
mine is on Gale creek, in section 27. All the present workings 
are above water level and it will be many years before sinking 
operations will become necessary. The mine is opened on 
both sides of the main Wilkeson arch, which is the chief 
structural feature of the locality. A water level tunnel driven 
on vein No. 2 on the western dip penetrates southward for 
two and a quarter miles. A rock tunnel driven eastward 
across the strata from the main tunnel has opened up three 
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workable veins on the eastern side of the anticline, known 
respectively as No. i, No. 2, and No. 7. Vein No. 3 lies still 
further eastward and will be found by extending the cross- 
cut tunnel in that direction. Four veins have been worked on 
the western dip, corresponding to those on the eastern dip. 
In the southern part of section 34 the gangways on the western 
dip encountered an overthrust fault which had thrown the 
measures to the westward four hundred feet The veins 
were again picked up by a rock tunnel driven westward from 
the point where the veins were lost, and after being found 
they were followed southward until at the present time the 
furthest gangway is in the southwestern part of section 3. 
Besides the crosscut tunnel which leads to the veins on the 
eastern dip near the line between sections 27 and 34, another 
tunnel, a male further south, has been driven from the west to 
the east veins to afford an outlet to the eastern veins at that 
point. 

Vein No. 2 on the eastern dip has a gangway from the 
north opening two thousand feet long. The vein varies in 
width from four to eight feet and dips at an angle of sixty 
degrees. Vein No. i in the same set of workings contains 
about five feet of coal and is worked from a gangway sixteen 
hundred feet long. Not much coal is being taken out of No. 
I in this gangway at the present tim«. Where No. i is 
opened in the southern end of section 34 it contains two 
benches of coal each three feet wide and separated by a 
fourteen inch band of bone. Vein No. 7 is about seven feet 
nine inches wide. It contains two benches of coal separated 
by a parting of bone nine inches thick. The lower bench 
contains five feet of the best coal in the mine. The gangway 
on No. 7 is thirty-eight hundred feet long. 

The mines are worked by the chute and pillar system, as 
being best suited to the conditions of roof and coal, 
Narrow chutes are driven upward from the main gangway 
and crosscuts driven from one chute to the ather every forty 
or fifty feet. The pillars are pulled beginning at the top 
and working downward. A row of stump pillars thirty feet 



216 Annual Report Washington Geological Survey. 

thick is left to protect the gangways. The coal is washed by 
means of Forrester jig washers which have been found to 
work very saitisfactorily. Waiter for the washcry is brought 
from Gale creek through a flume half a mile long. Two small 
steam locomotives are used to haul the coal from the mine, 
one of them working on the east side and the other on the 
west side. 

The output of the mine averages five hundred tons per day, 
three hundred tons of which is made into coke and the re- 
mainder sold as steam and domestic coal. All the coal is 
coking and the product of the different veins is mixed indis- 
criminately before being sent to the coke ovens. There are one 
hundred ovens in constant operation. The mine was opened 
in 1879 ^°d since that time has produced about 1,000,000 tons. 
The output in 1901 was 125,028 tons, and in 1902, 106396 
tons. 

Gale Creek Mine. — ^The Gale Creek mine is located on the 
northeast quarter of section 28, T. 19 N. R. 6 E., on the north- 
em outskirts of the town of Wilkeson. The principal opening 
is by a slope on vein No. i, four hundred feet long, from the 
bottom of which a gangway h^as been driven noithward on 
the vein six hundred and fifty feet. This vein contains three 
feet nine inches of clean coal. It is not a coking coal but is 
sold for steam and gas making. Vein No. 2 is not being 
worked at the present time. It was opened by a tunnel three 
hundred feet long driven across the strata to encounter it, 
after which a gangway five hundred and seventy feet long 
was driven south of the vein, and another shorter one north 
from the main tunnel. Vein No. 2 averages three feet eight 
inches of good coal. The opening on the Queen vein is 
about a quarter of a mile east of the opening above mentioned, 
and on the opposite hill from the Wilkeson mine opening. A 
tunnel runs into the hillside nine hundred feet along the vein, 
which averages about four and a half feet in width. The 
present output of the two veins. No. i and the Queen, is about 
one hundred and fifty tons per day. The coal is not washed 
but goes directly to the bunkers. New bunkers are being 
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erected, and it is expected that a washings plant will be added 
to the equipment in the near future. 

In addition to the veins which are being worked a number 
of others are known to occur on the property. Between No. 
I and No. 2 there is a six-foot vein and a three-foot vein, 
neither of which, however, yield coal clean enough to put on 
the market without washing. A three and a half foot vein 
occurs about two hundred feet above No. i and there is a six- 
foot vein below the Queen vein. Several large veins of fire 
clay are interbedded with the coal which may prove to be 
valuable. 

All the veins which have been opened in this quarter 
section dip westward at an angle of about seventy-five de- 
grees. They occur on the western side of the Wilkeson anti- 
cline and lie higher in the series than the veins worked at the 
Wilkeson mine. They are probably the same as those worked 
at Burnett. From the Gale Creek mine in 1901 18,900 tons of 
coal were mined. The total output in 1902 was 29,640 tons. 

Carbonado Mine.— This mine is, next to Roslyn, the largest 
in the state and when worked to its full capacity has a daily 
output of from twelve hundred to fifteen hundred tons. At 
the present time, owing to several causes, chief of which is the 
substitution of crude oil for coal in the locomotives of the 
California railways, the output is not more than four hundred 
tons per day. Heretofore all the coal which the mine pro- 
duced was shipped to California and no attempt was made to 
find a market for it in this state, but at the present time much 
of the output is consumed in the home market. It is a first- 
class steam coal and is used very largely in locomotives. It 
g^ves an intense heat, cokes only to a slight extent in the 
fuma^ce and leaves only a small amount of ash. When it 
becomes better known probably a large amount of it will be 
used for domestic purposes. Analyses of the coal from the 
different veins show a slight variation, especially in the per- 
centage of ash, but they are all bituminous non-coking coals. 
The coal has none of the scaly appearance of the Fairfax and 
Melmont coal, probably due to the fact that it has not been 
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subjected to the same degree oi crushing. A number of tests 
have been made of the coking qualities oi the varioos veins 
but only with indifferent success. Thus far no good coldng 
coal has been found in the Carbonado workings, but the 
Wilkeson ceding veins have been followed in that com- 
pany's gangways as far as the Carbonado company's line, 
so it is probable that cokti^ veins will yet be found on the 
Carbonado property. A rock tunnel began twenty years ago 
is now being extended eastward from Carbon river canycw, 
across the strata to find the Wilkeson vein. It is now in a 
distance of over 3,000 feet. 




I^' M- CraM4ccUon of vdo. Cuteoado Hlne. 

Carbon river at Carbonado flows through a steep sided 
canyon about 350 feet deep. The town is situated above the 
canyon on comparatively level ground. The mine openings 
are all at the bottom of the canyon. Operations have been 
conducted from a number of openings on both sides of the 
river. At the present time most of the coal is being taken 
from the Wingate vein on the west side of the nver. A slope 
450 feet long has been sunk on this vein, and gangways 
driven southward for about 9,000 feet. The vein is from five 
to seven feet in tEickness and produces an excellent quality 
of coal. It has been mined extensively for many years and 
still contains a very lai^e quantity of good coal within reach- 
ing distance. Two duplex Dow pumps of 1,000,000 gallons 
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per day capacity each, keep the mine clear of water. A 
small steam locomotive works along the main gangway at 
the bottom of the slope. In order to prevent too much 
smoke poke is used for fuel. On the same side of the river 
the Miller vein, which lies 6oo feet above the Wingate vein, 
has been worked extensively in the past, but is not worked 
at the present time. Both of these veins have been in- 
volved in a fault which has thrown them about i,ooo feet 
out of line. The Wingate has been picked up on the north- 
em side of the fault and followed for about a mile on the 
east side of the river, when the gangway turned back on its 
course and ran into some broken ground at which point the 
vein was abandoned. It is probable that if followed a little 
further it would again become regular. Two other veins, 
known as No. 4 and No. 9, have in the past been worked 
extensively on the west side of the river but the coal in 
them has deteriorated in quality and they are now aban- 
doned. On the east side a rock tunnel crosscuts a number of 
veins of more or less value. On one of them, known as No. 
I, a gangway has been driven southward over 1,900 feet and 
a considerable quantity of coal is being produced from it. 
This vein averages about nine feet in thickness, and is nearly 
all clean coal. It has been tested for coke making but has 
not proven altogether suitable. A smaller vein. No. 2, lies 
about 100 feet below No. i. Where it is crosscut in the 
main tunnel it shows about twenty-eight inches of good 
clean coal next to the hanging wall, and a thick seam of 
dirty coal along the foot- wall. About 1,000 feet in 
on the No. i gangway a crosscut was driven to No. a, and 
it was there found to be thirty-eight inches thick. A chute 
was driven upward 1,050 feet to the surface on No. a, in the 
expectation that it would prove to be the same vein which 
outcrops along the canyon side just below the old wagon 
road. However, No. 2 proved to be not the same but a 
higher vein. The vein whrch is shown in the outcrop con- 
tains about six feet of good clean coal, and now that it has 
been definitely located in the underground workings develop- 
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ment will soon be commenced upon it. The south end 
of the gangway on vein No. i is not over a thousand feet 
distant from the southern end of the Wilkeson workings. 
The veins in the two sets of workings pitch towards each 
other and undoubtedly form a basin somewhere between the 
two places. It is the intention of the Carbon Hill Company 
to ascertain definitely the conditions in this part of their 
property. 

All the veins at Carbonado are involved in a number of 
small northward pitching folds. They have a steep western 
dip but a much more gentle eastern one. On the west side of 
the river the Wingate and Miller veins dip westward at an 
angle varying from forty to sixty degrees, while in the 
eastern vein the dip is not more than twenty-five or thirty 
degrees. 

The outside equipment of the mine is very complete. 
Eight steam locomotives are used in and about the mine for 
hauling the coal to the bunkers and bringing mining timber 
from the woods to the mine. About twenty or thirty horses 
and mules are employed in the mine and outside. A washing 
plant of 1,200 tons per day capacity is located a mile below 
the principal mine opening^, and at the end of the standard 
gauge road. It contains three Robinson washers, each having 
a daily capacity of 400 tons. Power to run the washers is 
furnished by a little mountain stream which comes down 
the side of the canyon. The water after generating power to 
run the machinery is used in washing the coal. 

The Carbonado mines have been very active producers 
for many years, and from them over 4,000,000 of tons of coal 
have been obtained. The output of the mines in 1902 was 
169,733 tons. 

Melmont Mine. — ^The Melmont mine was opened by the 
Northwestern Improvement Company about one year ago. 
It IS situated on the eastern side of Carbon river can}ron, 
about half way between Carbonado and Fairfax. A rock 
tunnel 1.500 feet long runs eastward directly across the coal 
measures and crosscuts seven veins, all of which have been 
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opened by gangways driven northward from the main tunnel. 
The rock passed through in the tunnel is mostly massive 
sandstone interstratified with beds of carbonaceous shale. 
The strike of the measures is about North lo degrees West 
and the dip of the veins varies from forty to ninety degrees, 
the general dip being about sixty degrees. At a distance of 
800 feet from the mouth of the tunnel the arch of an anticline 
was encountered and beyond it for 200 feet the rocks dip to the 
eastward, or stand perpendicular. At this point the rocks 
were found to be considerably disturbed and dipping to the 
westward again, showing that a syncline was passed through. 
Several more veins besides those encountered in the tunnel 
are known to occur farther to the eastward, and will be cross- 
cut when the tunnel is entered. 

Vein No. i carries about six feet of soft coking coal. It 
has been opened by a gangway driven several hundred feet 
northward from the main tunnel. It will not be worked 
until the company gets its coke ovens ready. Vein No. 2 is 
also a coking coal. It averages 14 feet in width and has 
been opened by a gangway 350 feet long. The gangway on 
No. 3 has been driven north over 1,400 feet. This coal will 
not coke but makes a first class steam coal and is being 
used under the company's own boilers. The vein varies in 
width from thirty feet down to a thin stringer. A layer 
of coal along the foot wall appears as though it had been 
partially converted into coke. It has something of the spongy 
grayish appearance characteristic of coke, and is said to ap- 
proach it in composition. At the face of the gangway a horse 
of light gray shale, evidently forced up from below, cuts 
into the lower part of the vein. 

A vein not numbered occurs between No. 4 and No. 5. It 
contains about three and a half feet of soft coking coal. 
Vein No. 5 is also a coking coal. A test lot was sent to the 
Fairfax ovens and it made a first class quality of coke. This 
vein averages about eight feet in width. A gangway is being 
driven in it northward from the main tunnel. No. 6 is the 
last vein encountered in the tunnel. Along it a gangway 



Coal Deposits of Washington 228 



has been driven in 800 feet. The width of the coal is irregu- 
lar, varying from twenty feet down to almost nothing, but 
averaging about eleven feet of good coal. The relation of 
the Melmont veins to those of Carbonado and Fairfax is not 
definitely known but it is evident that if not identical they 
occur at least in the same general horizon. 

At the Melmont mine a large washing plant has just been 
completed. It is located on a gravel terrace between the 
mine mouth and the river. It has a daily capacity of four or 
five hundred tons. The coal as it comes from the mine is 
dumped onto screens, which separate it into three or four 
different sizes. The coarse 'coal falls onto traveling picking 
tables and the bone and shale are picked out by hand as they 
pass along. The washing machines, known as the Luhrig 
washers, are the only ones of the kind used in the state. 
They are arranged in two batteries, one of four compart- 
ments and the other of eight, each compartment being four 
feet square. A screen is set in each compartment and cover- 
ed with a three or four inch layer of angular feldspar. The 
pieces vary in size from a half inch to an inch and a half in 
diameter. A plunger operated by an eiccentric attached to 
a shaft above forces a body of water up through the screen 
and rock layers. The force of the water is so adjusted that 
the coal is carried up through the feldspar but the heavier 
dirt and rock settles to the bottom and is drawn off at inter- 
vals from below. The different sizes of coal are washed in 
separate machines. From the washera the coal is taken by 
conveyors to the bunkers, situated above the railroad track, 
from whence it is loaded on the cars. Only steam coal is 
being mined at the present time. 

Besides the various mine buildings and shops the com- 
pany has a sawmill turning out 20,000 feet of lumber per 
day. A large hotel and boarding house furnish accomo- 
dations for the company's employes. 

Western American Minesw — The mines of the Western 
American Company were the first to be opened in the vicinity 
of Fairfax. They began to ship coal about three years ago 
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and have been steady producers ever since. The company 
owns about 1,300 acres of land lying on both sides of Carbon 
river and including the town of Fairfax. The principal mine 
opening is on the north side of the river, in section 26, where 
a rock tunnel has been driven across the strata to crosscut 
the veins. At the point where the veins were encountered 
the rocks have been involved in several small sharp folds 
which have destroyed to some extent the regularity 
of the veins and have interfered seriously with the process 
of mining. The folds pitch downward at a considerable angle 
and the gangways driven along the veins have in two or three 
instances made a sharp backward turn. A number of small 
faults and slips have been encountered in the workings. The 
coal shows the effect of these displacements and it has the 
scaly, distorted appearance which characterizes most of the 
coking coals of the state, the distortions being much more 
noticeable in the fsice of the vein than in a hand specimen of 
the coal. The company is at present working five veins 
varying in thickness from two and a half to nine feet. Two 
veins have recently been opened by a tunnel on the south 
side of the river in section 34. These veins are probably the 
same as those being worked at the Montezuma mine a mile 
further south. The Montezuma gangways have been driven 
northward to the property line of the Western American 
Company, and the continuation of the veins on the same 
strike would carry them to the point where the Western Am- 
erican tunnel has been driven, unless faults should exist in 
the intervening space. 

The structure of the field seems to be that of a main 
anticline with one or two small secondary folds near its 
crest. The folds trend about north ten degrees west and the 
main anticline is apparently the southern continuation of the 
Wilkeson arch. All the veins pitch downward at angles 
varying from sixty to seventy degrees. Where the gangways 
turn back upon themselves when passing around the crest 
of a pitching fold the veins frequently stand perpendicular. 

One of the veins is a good blacksmith coal and about 500 
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tons a month is sold for that purpose. An additional 500 
tons is sold for steam coal, and about 2,000 tons is made 
into coke, making the average monthly output of coal for 
all purposes about 4,000 tons. The blacksmith coal is nearly 
all sent to the San Francisco market, and the steam coal is 
supplied to the Tacoma Eastern Railway for locomotive use. 
The washing plant has a daily capaicity of about 500 tons, 
a Howe-Jeffry washer being used. In this machine a power- 
ful column of water forced up from below through the dirty 
coal carries up with it the pure coal and flows over the top, 
carrying the coal along with it A set of revcrfving arms 
keeps the whole mass thoroughly stirred up and allows the 
coal and dirt to separate according to their different specific 
gravities. The rock particles being so much heavier than 
the coal gradually settle to the bottom and are drawn off 
through a spout at the bottom. These machines are prob- 
ably the most satisfactory now in use, and are more generally 
used in this state than any other. A fifty H. P. motor is nsed 
to run the washing plant. 

Power to run all the machinery of the mine is taken from 
the water of Carbon river. A flunve three-fourths of a mile 
long brings the water to the power plant situated a short 
distance from the mine mouth. The total capacity of the 
plant is 600 H. P., but at the present time only 500 H. P. 
is being generated. The power is used to run the washer, 
the ventilating fans, electric locomotives, machine shop, 
blacksmith shop, and electric light machines. In addition to 
these, power is furnished during the dry summer 
months to the Montezuma mine to run their washing plant. 
A small flume leading off from the main flume supplies water 
to the washer. The electric light plant supplies the mine, 
the washer, and the town of Fairfax. 

The Western American Company has sixty coke ovens 
in operation. The coal is sent from the washers to the ovens 
by means of a flume. At the lower end of the flume a con- 
veyor hoists the coal from the flume to the hopper from 
which it is drawn into a dump car. The car runs on a track 
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between the two lines of ovens and dumps the coal into the 
ovens from above. The charge for each kiln varies from 
four to six tons of coal. 

Two qualities of coke are produced, one for smelter use 
and the other for foundry use. The smelter coke is burned 
for forty-eight hours and the foundry coke for seventy-two 
hours. The seventy-two hour coke is firmer and stronger 
and of a better quality than the other. Most of the coal 
used for making coke comes from two veins opened on the 
north side of the river. This coke commands a ready sale 
and the comipany finds it impossible to fill all of the orders 
which come to it. 

The output of the Western American mine in 1901 was 
30>5i3 tons of coal, and in 1902, 32,117 tons. 

Montezuma Mine. — This is the joint property of the 
Washington Co-Operative Mining Company and the Monte- 
zuma Mining Company. There is a mutual working agree- 
ment between the two companies by which the mine is 
operated under one management. Their property extends 
along Evans creek southward from its mouth for four miles, 
and embraces a total area of 2,120 acres of coal bearing land. 
The mine has been in operation for less than a year, the 
first coal being shipped in the spring of 1902. The daily 
output is still small and no attempt will be made to increase 
it until the coke ovens are ready for use. Twenty-five ovens 
are now being built, and will probably be finished by the be- 
ginning of 1903. 

The principal openings of the Montezuma mine are located 
on Evans creek, about a mile above its mouth. Evans creek 
is a swift mountain stream entering Carbon river from the 
south about half a mile above the town of Fairfax. It drains 
part of the region between the headwaters of Carbon and 
Puyallup rivers, and flows for a considerable part of its 
length over coal measures. For the greater part of the year 
it carries a large volume of water but during the dry summer 
months it dwindles to a comparatively small stream. Where 
the Montezuma tunnels have been driven the veins cut diag- 
16 
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onally across the creek, the general strike of the measures 
being North twelve degrees West, On the east side of the 
creek a water level tunnel was driven through the sandstone 
and shale for a distance of 350 feet, in order to reach a vein 
known as the east vein. After reaching the vein a gangway 
was driven on it some distance, and it was found to vary in 
thickness from two and a half to four feet. On the opposite 
side of the creek another tunnel 528 feet long crosscuts two 
veins, known respectively as the blacksmith vein and the 




steam vein. The point where these veins were opened is not 
very far from the north line of the company's property, so 
that the gangway driven northward from the main tunnel on 
the blacksmith vein reached the boundary line at a distance 
of 580 feet and was stopped. The Western American Com- 
pany owns the extension of these veins. Both veins are being 
worked only to a limited extent at the present time. There 
is a larger demand for the blacksmith coal than for the steam 
coal, and as it commands a much better price it is being 
worked more extensively than the steam vein. The coal 
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from both veins is extremely soft, and a large part of it 
reaches the market in the form of fine slack. The south 
gangway on the blacksmith vein is about 1,050 feet in length 
(October, 1902). Near the main tunnel it encountered a small 
fault which displaced the vein fifteen feet. At a distance of 
seven hundred feet it ran into a much larger fault and the vein 
was lost completely for a distance of two hundred feet, when 
it was again picked up. When measured at the face of the 
gangway October 13th, 1902, the vein was sixteen feet wide, 
all clean coal except a band of dirt a foot or two wide near the 
middle of the seam. In the north gangway on the same vein 
about five feet of coal appears. 

The steam vein was encountered 525 feet from the mouth 
of the tunnel. Gangways have been driven north 200 feet and 
south 550 feet. On the north face of the gangway the vein 
has a total width of eight feet ten inches, only five and a half 
feet of which is good coal. On the south end the total width 
is six feet ten inches, with a seam of coal four feet ten inches 
thick on the foot wall. The coal in this vein is overlaid by a 
band of shale from two to three feet thick. 

Another vein eleven feet wide shows in the creek bottom 
just below the sawmill and has been prospected by a tunnel 
two hundred feet long. It is rather dirty and work on it has 
been abandoned. T(wo other veins appear in the creek be- 
tween the eleven foot vein and the east vein, but have not yet 
been opened. A half dozen or more other veins are known to 
occur on the property, but beyond occasional outcrops nothing 
is known of them. 

All the veins encountered in the tunnels dip to the west- 
ward at an angle of about seventy degrees. The line of strike 
would carry them to a point a mile north where the West- 
ern American Company have opened a tunnel on the south 
side of the railway track and where they crosscut two veins. 
Two or three hundred yards east of this place an anticline 
shows along the railway track. It is quite probable that this 
anticline extends southward and passes only a short distance 
to the eastward of the present Montezuma workings. 

The outside equipment of the Montezuma mine consists 
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of a washing plant, sawmill, machine shop, blacksmith shop, 
and water-power plant, besides numerous small buildings. 
The power plant gets its water from Evans creek through a 
flume 800 feet long. The penstock is ninety feet high and is 
connected with a 350 H. P. Victor turbine. Additional power 
is also furnished by a small 15 H. P. Pelton wheel connected 
with the penstock by an eight-inch pipe. It is used only in dry 
weather when there is not enough water in the creek to run 
the big wheel. 

The washing plant is capable of handling a considerably 
larger output than is being produced at present. The coal as 
it comes from the mine is first screened and the coarse coal 
hand picked. The fine coal is sent to the Forrester washing 
machines. These work in sets of two each, one machine being 
set a foot or two higher than the other in order that the coal 
after being washed in the first may pass to the second to com- 
plete the washing. 

A double flume nearly a mile long runs from the mine to 
the lower camp, one side of it being used for coal and the other 
for lumber. The bunkers have a capacity of 800 tons. There 
are two compartments, one being used for blacksmith coal 
and the other for steam coal. The flume which carries the 
coal leads directly to the bunkers, so that they act as settling 
tanks and are built practically water tight. The sawmill has 
a daily capacity of ten to fifteen thousand feet and supplies 
all the lumber and shingles used by the company. 

The town of Montezuma* which includes the company's 
store, boarding house, and cottages for the employes, is situ- 
ated on a gravel terrace at an elevation of 100 feet or more 
above the river bottom and about half a mile below the mine. 
Twenty-five coke ovens are being erected on the river bottom 
near the point where Evans creek enters Carbon river. When 
completed the ovens will have a capacity of sixty-five tons of 
coke per day. All the coal from the steam vein and the fine 
slack from the blacksmith vein will be coked. 

Hillsboro Mine. — ^The Hillsboro Coal Company is an al- 
lied organization of the Olympic Mining Company of Seattle. 
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Its property consists of 1280 acres of coal land, including sec- 
tion 36, T. 18 N., R. 6 E., and section 6, T. 17 N., R, 7 E., lying 
on both sides of Carbon river a mile or two above the town of 
Fairfax. The mine opening is in section 36, on the north side 
of the river. A rock tunnel was begun in January, 1902, and 
was driven eastward to crosscut the veins which were known 
to outcrop on the side of the mountain above the camp. The 
tunnel is now in a distance of 725 feet and there are six veins 
exposed, varying in width from one foot to eight feet. The 
last vein, known as No. 6, is eight feet wide and shows good 
coal nearly all of the way across its face. A chute has been 
begun on this vein and will be extended upward to the sur- 
face. An analysis of the coal in No. 6 made by Mr. Paul Hop- 
kins gave the following percentages: Water, i.oo; volatile 
matter. 11.98; fixed carbon, 79.01 ; sulphur, .54; ash, 7.47. 

This coal gave the highest percentage of fixed carbon and 
the lowest percentage of volatile matter of any from the vicin- 
ity of Fairfax, and shows that it possesses high heating power. 
The moisture and sulphur are quite low. Its coking qualities 
have not yet been tested, but from its similarity to the known 
coking coals of the district it is assumed that the Hillsboro 
coal will make good coke. A small amount of development 
work has been done on veins No. 2, No. 3 and No. 4 where 
they were crosscut in the tunnel. A further extension of the 
mine tunnel will encounter several more veins lying higher in 
the series whose outcrops have been found. The mountains 
to the north of the main tunnel rise steeply and the northern 
gangways will gain considerable depth on the veins. 

A number of veins outcrop on the company's property on 
the south side of the river. Several of them have been uncov- 
ered, but not much work has been done upon them. All of 
th veins on the Hillsboro property lie to the eastward of those 
worked at Fairfax and Montezuma and probably occur higher 
in the series. The coal measures all dip at a steep angle and 
the numerous outcrops on the two sections, 6 and 36, probably 
represent a thickness of three or four thousand feet of strata. 

The enclosing rocks are massive, light colored sandstone 
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and very dark carbonaceous shale. The veins all pitch east- 
ward at a very steep angle and show the effects of great crush- 
ing. It is probable that the coal measures extend only a short 
distance eastward beyond the boundaries of the company's 
property. A short distance above, on Carbon river, the sedi- 
mentary strata are replaced by igneous rocks derived in large 
part from Mount Rainier, whose summit lies to the southeast 
about twenty miles away. 

As soon as the mine can be put in shape for producing coal 
on a considerable scale the railway will be extended from 
Fairfax to the mines, and bunkers will be built. The railroad 
will pass along the south side of Carbon river past the Monte- 
zuma bunkers and cross the river about three-fourths of a 
mile below the Hillsboro camp. It is also the intention of the 
company to build coke ovens and go into the manufacture of 
coke. All the coal will be made into coke unless some of it 
should prove to be more valuable for blacksmithing purposes. 

The company operates a sawmill having a daily capacity of 
15,000 feet, in order to supply lumber for its own use. A small 
air compressor is also in use, furnishing power to run the 
Rand drills used in the rock tunnel. The camp, consisting of 
the company store, boarding house* blacksmith shop, offices 
and dwelling houses, is located near the mine mouth. A good 
wagon road extends from Fairfax to the mine. 

KITTITAS COUNTY. 

Roslyn-Clealum Field. 

This coal field is on the main line of the Northern Pacific 
Railway, about fifteen miles east of the main divide of the 
Cascade mountains. It occupies the valley of the Yakima 
river near the point where the Yakima is joined by the Cle- 
alum. The coal seams occur in a massive, light colored sand- 
stone of Eocene age, to which the name Roslyn sandstone has 
been applied. The Roslyn formation is a lake deposit of lim- 
ited area and has a total thickness of not far from 3500 feet. 
The Roslyn coal basin is the most extensive and valuable in 
the state and at present has an output equal to all the others 
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combined. The two most important veins in the series are 
the Roslyn and Clealum veins, working respectively at Roslyn 
and Clealum. These two mines are three and a half miles 
apart and their underground working are not connected. It 
is still an open question whether or not the two veins are iden- 
tical, and this problem has a most important bearing on the 
future of the field. It is generally believed, however, that the 
Clealum vein is a different one from the Roslyn and lies sev- 
eral hundred feet higher in the series. The strata dip to the 
southwest at an angle varying from ten to fifteen degrees. 
The outcrop of the Roslyn vein makes an exceedingly tortu- 
ous line along the mountain side northeast of the two towns 
of Roslyn and Clealum. Its general direction, however, is 
southeast and northwest. The rocks have not been greatly 
folded or faulted and the coal has been but little disturbed. It 
is a bituminous :coking and steam coal. It is quite hard and 
compact and nearly all of it reaches the market as lump coal. 
It is used very largely as a steam coal for locomotives and 
steamships and supplies very much of the miarket of Eastern 
Washington, Idaho and Oregon for steam and domestic coal. 
Large quantities are shipped to Puget Sound, Portland, San 
Francisco, and even Honolulu. The Northern Pacific Rail- 
way uses it exclusively in its locomotives as far east as Jtitl- 
ena, Montana. The Great Northern Railway heretofore has 
had a large standing order for Roslyn coal, but within the past 
few months it has completed a line of its own to the Crow's 
Nest ."Coal field of British Columbia and is now using that coal 
chiefly on all its lines in W^hington, Idaho and Montana. 

The Roslyn and Clealum mines are operated under one 
management by the Northwestern Improvement Company. 
The company owns practically the entire coal basin. Several 
small, independent companies control small tracts within the 
coal area, but as a rule they are not able to compete with the 
big mines. One of them, the Ellensburg Coal Company, has 
a small mine two miles north of Clealum on a forty-acre 
tract. The vein upon which they are working is the same one 
as that being worked at Clealum. The coal is hauled in wag- 
ons to Clealum and sold about town for local use. 
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Roriyn Mine. — This mine is at the head of a. branch road 
three and a half miles long which runs to Clealum on the main 
line of the Northern Paicific Railway. 

The Roslyn mine is opened on Che northern rim of the 
coal basin at a point where the vein outcrops along the sides 
of a small gulch. Tunnels have been driven east and west on 
the vein from this point. The underground workings include 
a ccmsiderable part of five sections of land, and are being rap- 
idly extended. Besides the tunnel entrances to the mine there 
is a shaft 625 feet deep which taps the vein about half a mile 
south of the tunnels. The Roslyn vein, which is the only one 
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worked in the mine, averages about four and a half feet in 
width and dips southeast at an angle varying from ten to 
twenty-five degrees. In nearly all parts of the mine the cars 
can be run up the breasts and loaded directly at the face of 
the workings. The tail-rope system of haulage is very largely 
employed in this mine. A system of wire cables stretches 
along the various gangways of the mine and are all connected 
with the engines on the outside. Some of the cables haul the 
cars from the inner workings to the gathering points, wtiere 
they are made up into larger trips and hauled to the outside 
by another cable. Several small electric locomotives are also 
employed on the inside to gather the trips together. The 
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shaft is divided into two compartments, in each one of which 
is a double-deck hoiat. Tlie hoists work alternately with 
each other and each trip carries up two cars, or about 5000 
pounds of coal. The daily output by way of the shaft is about 
1800 or 2000 tons, and the total output of the mine at the 
present is not far from 3000 tons per day. The coal is not 
washed, but is shipped just as it comes from the mine. The 
vein is practically all clean coal, there being only two thin 
clay partings. Tlie mines are well ventilated and very little 
trouble is experienced from gas. 

The Roslyn mine was opened in 18S5, and in all has pro- 
duced over 7,000000 tons of coal, taken from an area of about 
1200 acres. The total output for 1901 was ijao^jazj tons, and 
for 1902, 1,039,870 tons. 




Fig. 31. CrMMcctlan of Tdn, SUenaboii Coal Cd^ MIn*. 

Clealum Mine. — ^The town of Clealum is on the mine line 
of the Northern Pacific Railway and has an elevation of 1900 
feet above sea level. A branch line three and a half miles 
long runs to Roslyn, which is about 300 feet higher than Cle- 
alum. On the north side of the valley a ridge of sandstone 
parallels the river and rises about 1900 feet above the stream. 
On the south side of the valley a ridge of basalt rises 3500 feet 
above the valley floor. Several clearly marked gravel terraces 
occur on each side of the river, rising by steps to the base of 
the mountains. These heavy gravel deposits cover the coal 
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bearing rocks and serve to obscure the outlines of the coal 
basin. 

The Clealum mine is opened by a shaft and a tunnel at the 
base of the mountain on the northern outskirts of the town. 
The shaft is 250 feet deep. The vein is four feet six inches 
wide and is practically all clean coal. The dip of the vein var- 
ies from twelve to twenty-three degrees to the southward. 
From the bottom of the slope four levels have been run, the 
longest of w'hich is about 5000 feet. Only one fault has been 
encountered in the mine, a small overthrust between the first 
and second levels. The daily production at present is seven 
or eight hundred tons, and the mine is rapidly being put in 
shape for a more extensive output. The mine was opened in 
1894. In 1902 the amount of coal mined was 212,584 tons. 

THURSTON COUNTY, 

Bucx>da-Tenino Field. 

The Bucoda-Tenino district lies in the southern portion of 
Thurston county. Its boundaries are not definitely fixed in 
any direction. A large part of its surface area is composed of 
flat river bottom and barren gravel plains, and it is only 
where the coal-bearing formation appears at the surface along 
the hillsides and on higher ground that it is possible to dis- 
cover any outcroppings of coal. 

Coal was first discovered in the valley of the Skookum- 
chuck in 1855. It was mined in the vicinity of Bucoda in early 
territorial days, the convicts of the penitentiary being em- 
ployed for that purpose. The early mines are now closed 
down and it is difficult to get definite information regarding 
them. 

The Chehalis and Skookumchuck rivers flow through wide, 
level valleys. Hills of sedimentary rocks belonging to the 
coal-bearing series border the valleys and rise to heights of 
several hundred feet. During late glacial time the melting of 
the great ice mass which occupied the basin of Puget Sound 
caused a tremendous flood of water to sweep southward over 
this region. This great river was heavily loaded with sedi- 
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ments of all degrees of coarseness- which it dropped by the 
wayside as it passed along. In the northern part of the field 
in the vicinity of Tenino the gravel is quit coarse,- and water- 
worn boulders are scattered everywhere. Traveling south- 
ward into Lewis county the material gets finer and finer until 
in the vicinity of Chehalis it is a fine, sandy loam with no 
gravel. South of Chehalis there are no signs of glacial action 
whatever. 

The Seatco coal mine was opened in 1880 near the town of 
SeatcD, the name of whsch was afterwards changed to Bucoda. 
It was operated with convict labor taken from the territorial 
penitentiary, which was at that time located at Seatco. Pub- 
lic sentiment was hostile to the enterprise, however, so that 
the convict system was soon discontinued and the mine closed 
down. Operations were conducted on an eight-foot vein of 
coal and altogether about io,oco tons of coal were mined. 
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The Great Western Coal Company owns about 2too acres 
of coal land two or three miles southwest of Tentno and has 
opened a small mine on its property. It has driven a tunnel 
for a distance of seven hundred feet on one of its veins where 
it outcrops at the base of a small hill. The vein lies nearly 
flat, with only very slight undulations, and is not more than 
three or four feet thick. There are only about half a dozen 
men employed in the mine and two or three cars of coal per 
week are being shipped. The coal is a typical brown lignite 
and carries a high percentage of moisture. 
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LEWIS COUNTY. 

Lewis County cooUins coml at intervals througfaoat its 
whole length from east to west. The county is about ninety- 
six miles long and twenty-five miles wide, and stretches Irom 
the main divide of the Cascade mountains westward to the 
foot-hills of the low mountain range which borders the coast 
between Gray s Harbor and the Qriumbia river. The western 
pan of the county forms part of the wide, level valley or plain 
which sti e tc he A from Paget Sound to the Columlna and which 
is continued southward into Oregon as the Willamette valley- 
Ffvim Ckehalts eastward the land rises gradnally into the 
Cascade range. It is aloog the principal river, die Cowlitz, 
and its tributary, the TihocL that most of the coal p fospec ts 
kav^ been touml In the lour, level country in the western part 
ot the county nearly all of the rocks belong to the coal mea- 
and kax>e in mci$^ p^^es been ioMed only to a sliefat 
. Ig»(OttS intrwsaocfes are occasaonaBv iouad trailer 
theM nxksw To the eecward. 




V 
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going any great degree of crushing or folding and without 
much loss of their volatile constituents. Many intermediate 
types of coal are represented in the valleys of the Cowlitz and 
Tilton rivers at Alpha, Cinebar, Morton, and Sulphur Springs. 
The lignite field of Lewis county may be said to extend 
from the western end of the county as far east as Alpha, 
where a number of veins of this charaicter have been pros- 
pected. Bituminous coal occurs at Cinebar, about ten miles 
east of Alpha, in a region where the strata have been broken 
by dikes and considerably crushed and folded. Still further 
eastward, in the Morton and Verndale regions, the surface 
rock is nearly all of igneous origin and the coal has been re- 
duced to anthracite or semi-anthracite. The coal of the Pack- 
wood and Davis prospects in the Cowlitz pass region is of this 
same type. 

Chbhalis-Centralia Field. 

Lignite of a rather inferior quality occurs in the region 
about Chehalis and Centralia, and has been mined on a small 
scale for the local trade for several years. It is sold in these 
two towns chiefly as a domestic coal, but is used to a limited 
extent for making steam. It is so situated as to be mined very 
cheaply and its low price enables it to compete in the local 
market with outside coals of much superior quality. 

The general aspect of the regfion is that of a level plain 
with low rounded hills rising at intervals above the surround- 
ing country. The coal measures appear along the hillsides 
and coal outcrops are known to occur at many places. A num- 
ber of attempts have been made in the past to open up some 
of the numerous coal veins and place the product on the mar- 
ket, but at the present time there are only two mines in active 
operation, and neither of these produce more than a few tons 
per day. 

Rosenthal Mine. — A small mine is being worked in section 
29, just outside of Chehalis, on the Rosenthal property. Four 
veins show along the hillside, varying in thickness from two 
and a half to twelve feet. The only vein being worked at pres- 
ent is about four feet thick. A tunnel has been driven into the 
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base of the hill for a distance of 250 feet and the coal above it 
is being worked out. Only two or three men are regularly 
employed in the mine and all the coal is sold in Chehalis. 
Some of the other veins on the same property have been 
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worked in the past. All of the coal carries high percentages 
of ash and moisture and a correspondingly low percentage of 
fixed carbon. 




Mining Dlit 




Co., 




Sbalc 








1. ilkndij. T. 14N. B. : 


rW. 



Fi|.3j. Cnni »eetion of vein, a«lKr Valley Mine, Sea. 

Salzer Valley Mine. — The town of Centralia is supplied by 
the Salzer valley coal mine, situated about four miles east of 
the town in sections 22 and 23. There is only about forty-five 
acres in the property and the output is very limited. Three 
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veins are known to occur, all lying nearly flat, and dipping 
only about four degrees. The lowest vein, which is the only 
one being worked at present, ia about seven feet wide and 
contains two benches of coal two feet and three feet wide re- 
spectively, and separated from each other by about twenty 
inches of clay. Another vein ten feet wide lies 200 feet above 
the first one. A tunnel 400 feet long was driven on this vein 
and about 1500 tons of coal taken out, but nothing has been 
done on it for the past three years. A third vein occurs about 
fifty feet higher in the scries, but has never been prospected. 
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Claquato Mine. — A new prospect has lately been opened 
up near Claquato by the Crescent Coal Company. Three 
veins have been found, ranging in width from five to eleven 
feet. A tunnel is being driven on the middle one, which con- 
tains two benches of coal, each about four feet wide, with a 
layer of clay eighteen inches wide in the middle. The veins 
dip to the southward at angles varying from twenty to forty- 
five degrees. 
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Alpha Fiblo. 
nite field of limited extent occurs near Alpha poet 
<out eighteen miles east of Chehalis, in townships 13 
i., R. I E. The region is one ot low relief and there 
few exposures of rock in place, consequently it is im- 
to define the actual limits of the area that is under- 
1 coal. Somje prospecting has been done in sections 
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2, 4, 8, 9, 10, and ii, T. 13 N., R. 1 E., and in sections 32 and 
34, T. 14 N„ R. I E. It is said that the coal was not found 
-of sufficient value to encourage further work and it was there- 
fore suspended. Four tunnels varying in length from thirty- 
live to ninety feet were driven, besides a number of open cuts 
and test pits. Several veins were exposed, varying in width 
from five to ten feet, and dipping to the southwest at an angle 
of about 45 degrees. They were traced for about two and a 
half miles. The coal is said to be traversed in places by dikes, 
which have caused a local change from lignite to bituminous 
coal. No work is being done at present in this field. 



w.«^.3»r.isN.a.iB. 

CmBBAR Field. 
Cinebu Mines. — The Cinebar coal mines, owned by the 
Columbia Coal and Coke Company- are opened on a little 
stream known as Sherman creek, which flows into Tilton river 
about a mile south of Cinebar post-office. The coal-bearing 
rocks lie along the southern base of a range of hills which par- 
allels Tilton river for twelve or fifteen miles. In this part of 
its course Tilton river flows in a deep, narrow gorge, above 
which is a comparatively level valley, largely under cultiva- 
tion. The mines are opened along the northern edge of the 



246 Annual Report Washington Geological Survey. 

valley just where the hill begins to rise. The hills are cov- 
ered with thick timber and the soil is quite deep, so that sur- 
face prospecting cannot be carried on except in some of the 
stream beds, and consequently the extent of the coal-bearing 
rocks is not definitely known. Coal croppings have been 
found on Bear creek, which parallels Sherman creek, about a 
mile to the eastward, and on Cinebar creek about the same 
distance to the westward. The coal veins on Cinebar creek 
and its tributary, Coal creek, has been quite extensively pros- 
pected and are supposed to be identical with those now being 
opened up on Sherman creek. 

There are about a dozen veins outcropping on Sherman 
creek, and all of them have been prospected more or less by a 
number of short tunnels which have been driven on the dif- 
ferent veins, the longest being 256 feet on vein No. 5. A cross- 
cut tunnel 1900 feet long runs at right angles to the strata and 
brings to view a number of veins, on some of which gangways 
have been driven. Vein No. 5 is about nine feet thick and 
shows at its mouth clean, hard coal, but further along in the 
tunnel the coal becomes dirty in places and near the end of 
the tunnel is involved in a small fault. The coal in all the 
tunnels makes a little g^s, so that safety lamps have to be used 
to some extent. 

All of the veins thus far developed show signs of crushing 
and sliding whereby the wall rock has become mixed with the 
coal to such an extent as to render a large amount of it too 
dirty to be of any commercial value. This loss in part is the 
price which it seems must be paid for bituminous coal in 
racks so recent as the Eocene. The forces which changed it 
from lignite to bituminous have caused a more or less serious 
loss in the quantity of clean coal. Where the dirt partings in 
the veins are clearly defined the task of separating the dirt 
from the coal is comparatively easy, but in such veins as those 
of Cinebar, where the whole contents of the vein and 
part of the wall have ben formed into an intimate mixture, it 
is a difficult undertaking to separate them. The process of 
rolling to which the veins have been subjected has reduced 
most of the coal to a powder, so that it crumbles at the touch. 
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and a very large percentage of it will reach the market in the 
form of slack. This diflSculty may be obviated by making it 
into coke at the mine, and probably the most of it will be 
treated in this way. 

It is planned to build a railroad into the Cinebar field by 
way of Jie Cowlitz valley so as to give as short and easy a 
route as possible to the Columbia river. The nearest railroad 
point at present is Chehalis, twenty-five miles away. On ac- 
count of the abundance of good coal tributary to Puget Sound 
cities, and its almost entire absence in the region immediately 
tributary to Portland, it is thought advisable to market all of 
the coal in the latter city and thereabouts. 

Morton Field. 
The Morton coal prospects lie about fourteen miles east of 
Cinebar, and forty miles east of Chehalis, the nearest railroad 
point. A wagon road leads from Chehalis to Morton by way 
of Alpha and Cinebar, and all the travel to and from the dis- 
trict is over this route. 



Flt.40. CnMMcctkiDofHa.iTcln.MC.SB.T. ijK.K.jB. {Morfam FleM.) 

The coal outcrops in the Morton field occur in a number of 
isolated localities separated from each other by bodies of igne- 
ous rock, which in this region appear to have overflowed the 
coal measures. The region is one of high mountains, com- 
posed almost entirely of igneous rock, the small areas of coal 
measures forming comparatively insignificant features of the 
landscape. Their boundaries have never been traced out, so 
that the actual extent of country underlaid with <coal is quite 
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UDlcnown. A considerable variation is found in the analyses 
of the coal from different prospects, the dissimilarity being 
probably due to the greater intensity of volcanic action in 
some localities than in others. The coal is quite hard and 
does not show evidence of having been subjected to much in- 
ternal movement, its bituminous character being due rather to 
the close proximity of targe passes of igneous rocks. Nearly 
all the other bituminous coals of the state except those of 
Roslyn are quite soft and mane very small- but a large per- 
centage of the Morton coal can be placed upon the market as 
lump and nut coal. The coking qualities of the Mortem coal 
have not yet been tested. 



Ft. ta. 
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There is one prospect upon which considerable work has 
been done and which shows better quality of coal than that 
found elsewhere in this field. This is in section 6, T. 12 N., R. 
5 E., near Davis lake, where a slope 350 feet long has been 
sunk on a vein which outcrops along the hillside northeast 
of the lake. The vein is from three and a half to four feet 
wide and is fairly regular all the way down the slope. Short 
gangways have been driven in both directions from the slope 
and some of the coal has been taken out for use in the boiler 
which supplied the hoisting engine at the top of the slope. An 
analysis of the coal gave the following percentages : Water, 
1-57; volatile matter, 7.87; fixed carbon, 84.82; sulphur, 1.70; 
ash, 4.04. The heating power of this coal is very high and it 
has been found to work well in the furnace. Its composition 
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places it in the semi-anthracite class. There are six other 
veins lying at short intervals from the main vein and a num- 
ber of short prospect tunnels have been driven upon them. 

The prospect described above is the most promising one 
in the McH'ton field, owing to the regularity of the veins and 
the high character of the coal. More development work, how- 
ever, will have to be done upon tt before the mine will be in 
shape to make extensive shipments, even if transportation fa- 
cilities were at hand. It is forty miles to the nearest railroad 
point, and for this reason development work has been neces- 
sarily slow. The Cowlitz and Tilton river valleys offer an 
easy railroad grade all the way to the mines and the construc- 
tion of a railroad does not present any seriou» engineering 
difficulties. 
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In section 12, T. 12 N., R. 4 E., on the opposite side of 
Davis lake fromi section 6, Mr. E. E. Edmond has driven a 
small tunnel on a coal vein which he says is nine feet thick. 
Several veins are said to outcrop on the mountain side south 
of this place. 

Three or four miles north of Davis lake, at the forks of 
Tilton river, there is a coal area covering about six sections 
of land. Some development work has been done on sections 
24 and 30. Six veins are said to occur, varying in width from 
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three and a half to eight and a half feet. An analysis of the 
coal {rortk section 24, T. 13 N., R. 4 E., gave the foHowing per- 
centages: Water, 3.71; volatile matter, 35.03; fixed carbon, 
59.01; sulphur, 1.24; ash, i.oi. A sample from section 30, 
which adjoins 24, gave somewhat similar percentages : Water, 
1.80; volatile matter, 34.27; fixed carbon, 58.93; sulphur, 1.34; 
ash> 3.66. 

Another prospect is located on Connolly creek in section 
26, T. 13 N., R. 4 E. The vein is six feet wide and has been 
opened by a tunnel sixty feet long, from the end of which a 
slope was sunk on the vein sixty feet. Nothing is being done 
on it at the present time. 

North of Vemdale some work has been done in section 20, 
T. 13 N., R. 6 E. This location is at the very headwaters of 
the east fork of Tilton river. The coal outcrops in the bed of 
the stream at the bottom of a deep gulch. The seams of clean 
kobI are only a few inches thick and the whole formation has 
been greatly distorted by the intrusion of eruptive rocks, 
which constitute practically all the surface rocks of the region. 
An analysis of the coal shows the following percentages: 
Water, 2.67; volatile matter, 4.86; fixed carbon, 88.66; sul- 
phur, 1.22; ash, 2.59. The coal has a steel-gray appearance 
and is extremely hard and compact. 

Packwood Field. 

The Packwood coal field is the name lofcally applied to a 
region on the headwaters of the Cowlitz river, in the Mt. 
Rainier Forest Reserve. The coal beds to which the name of 
Packwood has been definitely applied outcrop on the south 
side of the Cowlitz, just north of Lake creek, about twelve 
miles northeast of the post-office of Sulphur Springs. 

The valley of the Cowlitz river from Cora post-office, twen- 
ty-three miles due south of Mt. Rainier, to the junction of the 
Qear and Muddy forks, about seventeen miles up-stream to 
the northeast, has a width varying from one-half to two miles. 
Spurs of the Tatoosh and Sawtooth ranges form the north- 
western walls of the valley. The ridges bordering it on the 
southeast extend back to the main divide of the Cascade range 
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and culminate in Goat mountain, at an elevation of 5000 feet. 
The broad, alluvial floor of the Cowlitz valley has a very even 
rise from about 800 feet at Cora to 1500 feet at the mouth of 
the Muddy fork. 

The coal-bearing shales and sandstones outcrop along the 
banks of the main river in a few places, but there are more 
numerous and .clearer exposures in the gorges cut by the 
streams entering the valley from each side, and on the inter- 
vening ridges. The strata lie mostly within a few degrees of 
the horizontal. They appear to be free from faults and abrupt 
folds, but observations made at a number of different points 
in the region show the direction of dip to vary greatly. 

The chief prospects in the Packwood field are located three 
miles southeast of the Cowlitz river and two miles north of 
Lake creek, at an elevation of 2600 feet. The workings have 
a total length of 600 feet. Clean coal lies in thin layers inter- 
bedded with shale, which in some cases is highly carbona- 
ceous. The thickness of these layers is most commonly from 
one to three inches, along with a number of vein-like streaks 
about one-fourth inch thick, and a few layers from eight to 
ten im:hes thick. Some are continuous for several hundred 
feet, but the majority are short and taper very gradually at 
the ends. The beds are overlaid by an igneous rock, which 
at other points near by shows evidence of intrusive origin. 
At several points in the workings the contact of the igneous 
mass with the coal shales is plainly shown. 

All of the coal exposed in the tunnels is slacked and crum- 
bles readily, due to its exposure to the atmosphere for several 
years. Fresh coal, taken a few feet from the face, ignites with 
difficulty, burns with a short, blue flame, gives intense heat, 
and leaves a small amount of gray ash. No pyrites of iron is 
visible in any of the coal. 

Three-eighths of a mile east of the Packwood prospects, 
just north of the divide between Lake and Coal <creeks, two 
short tunnels have been driven in coal-bearing shales which 
seemi to belong to the same series as those just described and 
which may be identical with them, although the cannection 
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cannot be traced accurately. Several feet below the coal a 
layer of sandy shale contains petrified wood in the form of 
roots, twigs and stumps. Most of the woody matter has been 
replaced, but enough carbonaceous material remains to give 
the specimens a bluck color, which can be removed by heating. 
Pure coal interbeddcd with carbonaceous shale and sand- 
stone occurs at a number of places in the beds of Coal and 
Lake creeks, on the high, steep ridge between them, and along 
the smaller creeks to the north and south. The hard, firm tex- 
ture of the coal accounts for the amount of it found as float in 
all the creeks of the region. 

Davis FIblo. 

The first main tndl crossing the Cascades south of Mt 
Rainier is known as the Cowlitz, starting from' Sulphur 
Springs on the western side of the range, and ending in the 
Tiiton basin. The trail follows the Cowlitz river up to its 
main fork, thereafter following the east or Qear fork for sev- 
eral miles, then turning east to the broad summit, which it 
crosses at an elevation of 5,190 feet. Five miles west of the 
summit, at an elevation of 3.700 feet, the trail follows Coal or 
Summit creek, which here cuts through a thick series of 
shales, sandstones and conglomerates on which the Davis 
claims are located. 

These sedimentaries have been upturned to high angles, in 
some cases standing vertical, and their strike is somewhat 
east of north. Summit creek flowing west has worn through 
the beds a canyon with precipitous walls from one to three 
hundred feet high, in which a cross-section of the bedding is 
well shown for several thousand feet. Scattered through the 
series are a number of so-called "veins" of coal and carbon- 
aceous shale, varying in thickness from two to twenty feet. 
Most of these veins are conformable with the under and over- 
lying layers of sediment, and are distinguished by their dark 
color, which is due to the carbonaceous matter present. The 
shale within the veins is finely bedded and contains some 
bone. Considerable crushing and slipping has occurred in 
certain places, forming slickensides and false walls, and mak- 
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ing a resulting mass of soft, loose coal and shale. Faults and 
folds are small and of rare occurrence, so far as the present 
surface shows. The "veins" of black shale and coal appear to 
maintain their proper widths and positions in the series, but 
observations on this point can hardly be made with exactness. 
The streams north and south of Summit creek at the Davis 
claims run in a general westerly direction parallel to them. 
The strike of the coal-bearing shales may be traced nearly to 
the top of the ridge south of Summit creek, where the edges of 
the upturned beds are covered by a lava sheet, and the shales 
outcrop in several streams to the south. About two miles 
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north of the Davis claims, on the ridge which forms the divide 
between Summit and Carlton creeks, several coal prospects 
have been opened. Tunnels have been driven near the top of 
the ridge, on the Carlton slope, and also on the north side of 
Carlton creek. The occurrence of the coal is quite simitar to 
that on Sumnut creek and the direction of the beds would indi* 
cate that they are identical or else nearly in the same geolt^- 
cal horizon. Other claims have been located near Fish lake, 
three or four miles to the northeast of Carlton creek. One of 
the seams already exposed shows fourteen inches of clean, 
solid coal, while others show as much as eight or ten inches. 
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Fif. 44. Mmp ihowing Coal Prospects in Dftris Field. 

The following section appears on the north bank of Summit 
creek, below the Davis claims. Dip of beds nearly vertical. 
Downstream, for east to west. EHstances by pacing: 

Feet. 

Carbonaceous shale with very thin streaks of coal 5 

Fine laminated sandstone and shale 20 

Coal-bearing black shale 16 

Soft and hard gray shale 35 

Carbonaceous shale (one seam of clean coal 6 inches, 

one 3 inches, several J^ to 2 inches thick) 12 

Shale and sandstone 20 

Carbonaceous shale, with clean coal in streaks from % 

to 3 inches thick 3 
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Shale and sandstone, with 6 "veins" of carbonaceous 
shale from 3 to 12 feet thick, each containing thin 

streaks of clean coal 300 

Carbonaceous shale with coal 25 

Sandstone ; . . . . 60 

Carbonaceous shale 12-20 

COVUTZ COUNTY. 
Kblso-Castlb Rock Field. 

The coal of the Kelso-Castle Rock field is not of very great 
commercial importance at the present time. There is a large 
extent of territory on both sides of the lower Cowlitz river 
that is underlaid with coal. At a large number of places pros- 
pecting has been done, but in no case thus far has a large body 
of first class coal been found. The coal is a low grade lignite, 
quite high in moisture and in ash. The quality of the coal in 
the different prospects is variable, being much better in some 
places than in others. The country is for the most part very 
heavily timbered and the hills are worn into low, rounded 
forms, so that the solid rock does not show in many places. 
The soft coal-bearing rocks have been much decomposed and 
a residual soil many feet in thickness has been formed. Be- 
cause of the heavy mantle of soil it is not easy to state the 
exact boundaries of the coal-bearing territory. It is probable 
that as the district becomes better known the boundaries of 
the area of productive coal measures will be greatly extended. 

Throughout its lower course the Cowlitz river flows 
through a flat, alluvial valley a mile or two in width, bordered 
by low hills, which gradually increase in height as they recede 
from the river. The tide flows up the river several miles 
above Kelso. At Rocky Point and at Castle Rock bold bluffs 
of hard, basaltic lava extend out into the valley. In the vicini- 
ty of Kelso and farther up the river there are remnants of a 
rocky bench or terrace about fifty feet above the level floor of 
the valley. 

The coal-bearing rocks are shale and impure sandstone, 
probably of Eocene age. They have been upturned only to a 
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slight degree. Along the Cowlitz river the rocks may be seen 
in places dipping at low angles. The basalts are of later age 
than the sandstones and evidently are dikes which have bro- 
ken through the older formation. 

The Coal Creek Development Company of The Dalles, 
Oregon, is operating a small coal mine on Coal creek about 
tight miles west of Kelso. The coal is a lignite rather high in 
moisture, but suitable for domestic use. Portland is the mar* 
ket for this coal. 




Vlg. 4S- &B« I t ettpn of Tdn, Coal Ctnk OcrclopDnil Co'* Hint, ncu Kclao. 

The Oregon Coal and Timber Company, of Portland, Ore- 
gon, has been endeavoring to open up the old Idleman mine, 
situated in sections 12 and 13, T. 9 N., R. 3 W., about a mile 
and a half east of Castle Rock. The mine was operated by 
Mr. C. M. Idleman a number of years ago. It was worked in 
a small way until 1893, when it was closed down on account 
of litigation. The present company began operations late in 
the fall of 1901. There are three veins having widths of four 
feet six inches, four feet one inch, and six feet, respectively. 
Still other veins of unknown thickness outcrop below these. 

Another mine, known as the Red Ash, was opened up sev- 
eral years ago on Arkansas creek, about two or three miles 
west of Castle Rock. A considerable amount of coal was 
shipped to Portland and other places, where it is said to have 
given good satisfaction. The mine was closed down about 
three years ago and nothing has been done with it since. The 
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vein is said to have been several feet in thickness and to be 
composed of good, clean coal. 

The Anchor mine is another old mine that was worked for 
awhile and then abandoned. It is situated in section 13, T. 
8 N., R. 2 W., about three miles northeast of Kelso. Two 
veins were worked, one four feet and the other five feet in 
thickness. The mine was operated for several years prior to 
1898, but has not been working since that time. 

The Carbondale mine, three miles southeast of Castle 
Rock, in section 24, T. 9 N., R. i W., has been developed to 
some extent, but has not yet been put on a shipping basis. 
Other prospects have been opened in the N. W. J4 of section 
24, T. 10 N., R. I W. ; in section 24, T. 9 N., R. i W., and in 
sections 8 and 18, T. 10 N., R. i E. 
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CHAPTER III. 
THE GOAL SEAMS. 



NUKIBER AND CHARACTER* 

Carbonaceous matter occurs practically throughout the 
whole extent of the Eocene beds in Washington, either dis- 
seminated through the rocks or concentrated into coal veins. 
The shale owes its dark color to the fine particles of carbon 
which it contains and all gradations are found between shale 
and clean coal. The sandstones generally contain little 
streaks of coal. Much of the carbon of both the shale and 
sandstone is held in the form of iron carbonate. 

Conditions favorable for the formation of coal beds oc- 
curred repeatedly throughout the long period during which 
the Eocene sediments were being laid down. In some fields 
over one hundred distinct coal seams have been observed. Of 
these, however, only a small proportion are clean enough 
and large enough to be of value, the number of workable 
veins in the different mines varying from one to seven or 
eight. Few veins are worked whose thickness of coal is less 
than three feet. It seldom or never happens that a vein is 
made entirely of clean coal ; there are nearly always present 
one or more distinct layers of shale, sand, or impure coal 
varying in width from a fraction of an inch to several feet. 
Some of the largest veins attain a thickness of forty or fifty 
feet. In these veins only a small portion, if any, is workable 
coal and the remainder of the veins is made up of more or 
less impure coal, bone, shale, and clay occuring in distinct 
layers. From this it will be seen that the contents of a vein 
may vary rapidly in quality in a cross-section of the vein 
but longitudinally its contents will be quite uniform over 
large areas; that is to say, each layer within the vein differs 
from those above and below it, but maintains its own charac- 
teristics of composition and structure for long distances. It 
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usually happens that one or more of the impure seams must 
be mined with the coal and this requires washing and hand 
picking. In the lignite mines where the danger of spontane- 
ous combustion is great, all the coal contents of the vein 
whether pure or impure must be removed. 

In addition to the impurities which occur in more or less 
well defined layers there is always a certain amount of dirt 
in the coal which cannot be removed by washing, because it 
is too intimately mixed with the coal itself. The ash which 
is contained in coal is derived from two sources. In the first 
place, there is the wood ash which w^s contained in the veg- 
etal matter from which the coal was formed, and in the 
second place there is the sand and mud which was washed 
into the coal swamp at the time of the deposition of the 
vegetal matter. The latter constitutes by far the greater 
portion of ash in nearly all coal veins. In a very few cases, 
however, notably that of the Black Diamond vein, the per- 
centage of ash is very little more than a calculation based 
on the amount of wood ash in the original plants would in- 
dicate. The ash in Washington coals varies from one per 
cent up to fifteen or eighteen, at which point the coal ceases 
to be of any commercial value. 

It is the ash percentage which in nearly every case de- 
termines whether or not a coal can be marketed. There arc 
few lignite veins in the state whose percentages of moisture 
and other volatile constituents are so high as to render them 
of no value commercially. A large amount of ash, besides 
being totally inert so far as heat producing is concerned, is 
a positive injury on account of its clinging to the grate bars 
of furnaces and requiring frequent cleaning of the fires. 

VARIETIES OF GOAL. 

The physical appearance of coal is to a considerable ex- 
tent an index to its composition and to the conditions under 
which it has existed. The lignite occurs in rocks which 
have undergone only a moderate amount of tilting without 
any shearing movement having taken place within the coal 
beds and their hard consolidated condition is due to the 

17 
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superincumbent weight of sediments. The soft coking coals 
indicate a much greater degree of folding and shearing. The 
walls of the coal veins have been rolled one upon another 
until the coal has been ground into powder. Nearly all the 
moisture has been expelled and the percentage of volatile com- 
bustible material greatly reduced, with a conseqeunt increase 
in the percentage of fixed carbon. 

Few coals have been found in the state whose percentage 
of carbon both fixed and volatile is over ninety per cent, and 
which, therefore, could properly be classed as anthracite. In 
certain limited areas in Lewis county and elsewhere in the 
near neighborhood of igneous masses the coal has been re- 
duced to anthracite. The coal in this condition is steel-gray 
in appearance and is quite hard and compact. It ignites with 
great difficulty. No large amount of it has ever been taken 
out so that no satisfactory boiler tests have been made. 

There are certain characteristics which mark the coal of 
the different fields. These are due in part to the different 
conditions under which the coal was originally formed and 
in part to the subsequent history of the field. The coals 
of the state fall naturally into three classes, viz., lignite, semi- 
bituminous, or steam coals and bituminous coking coals. A 
fourth class might be added, that of anthracite, but up to 
the present time the anthracite fields have not been developed 
and little is known as to their commercial value. The divid- 
ing line between the different classes is to a certain extent 
indeterminate, but as a rule the different kinds of coal are 
confined within well marked geographical boundaries. Each 
field produces a certain quality of coal which is fairly uni- 
form within the limits of that province. The classification 
is based upon the relative percentages of fixed carbon, vola- 
tile hydrocarbon, and moisture. The volatile constituents are 
highest in the lignite and lowest in the anthracite. 

The Renton-Cedar mountain and Newcastle-Gilman fields 
are the most important lignite fields and the only ones which 
are producing on an extensive scale. The coal of Cowlitz and 
Thurston counties and western Lewis county is lignite and 
of an inferior quality as far as it has been opened up. Lignite 
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has a rq)resentative analysis of moisture 8 to 12 per cent., 
volatile hydrocarbons 35 to 45 per cent., fixed carbon 30 to 
45 per cent., and varying amounts of ash. The coal is hard 
and breaks with a cubical fracture. 

The semi-bituminous steam coals have a representative 
analysis of moisture 3 to 5 per cent, volatile hydrocarbon 30 
to 40 per cent, and fixed carbon 40 to 50 per cent. This 
coal is best represented in the Green River field of King 
county. Chemically it is only one step removed from lignite, 
which it resembles in many respects. It has a higher heat- 
ing ^capacity and is an excellent coal for locomotive and steam- 
boat use. It is a free-burning coal and does not coke in the 
furnace. Nearly all of it is used for steaim«-making. 

The bituminous coking-coal of the Wilkeson-Carbonado 
and Cokedale fields is still another step removed from lig- 
nite. A representative analysis of this coal is as follows: 
Moisture i to 3 per cent, volatile hydrocarbons 25 to 35 per 
cent, fixed carbon 50 to 60 per cent. Frequently the per- 
centage of fixed carbon is considerably higher than this, es- 
pecially in the Fairfax district and ^ome of the coal might 
properly be classed as semi-anthracite. Most of the coking 
veins are greatly crushed and their contents have undergone 
considerable chemical change. The coal comes from the mine 
mostly in the form of fine slack. Where it is destined to be 
made into coke no attempt is made to mine the coal in 
large sizes, but where the coal is intended for the market 
care is taken not to break it finer than necessary. It is a 
good steam and domestic coal and a large amount of it 
is used for steamboats and locomotives. It cakes to a certain 
extent in the furnace and requires frequent working but it 
makes an intense heat. Most of this coal carries a consider- 
able percentage of ash, usually more than the other coals. 
This is due largely to the fact that a certain amount of the 
wall rock has been mixed with the coal during the process of 
rolling to which the veins have been subjected. The dirt 
partings in the veins have in many cases become obliterated 
and so intimately mixed with the coal that it is impossible 
to wash it thoroughly. 
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The Roftljm coal beloogs to the bitnmuiotis ccddng group 
bat tmlike the others it is very hard, and shows no tendency 
to cmmble. A very large percentage of it reaches the market 
as lump coaL A 25-ton block of Roslyn coal was exhibited 
at the Chicago World's Fair. The Roslyn coal has not been 
subjected to the same d^^ree of dose folding as the other 
bituminous coals of the state, and very Uttle mechanical 
change has taken place within the veins since they were 
formed. 

Normally the Roslyn coal with its gentle folds would not 
have passed beyond the Ugnite stage were it not for some 
other cause which has hastened the process of distillation. 
This cause may be sought in the great sheets of basaltic 
lava which are known to underlie the Rosljrn formation. 
They outflowed only a short time prior to the deposition of 
the Roslyn sediments and the buried sediments in compara- 
tively close contact with the heated lavas undoubtedly reached 
a higher temperature than coal veins under normal condi- 
tions. It is well known that destructive distillation of 
the volatile elements of coal will take place at a compara- 
tively low temperature, and the higher the temperature the 
more rapidly will distillation proceed. The conditions under 
which the Roslyn coal was originally formed probably differ 
considerably from those obtained in the Puget Sound region, 
and distillation of the volatile hydrocarbons may have reached 
an advanced stage before the carbonaceous matter forming 
the veins was finally buried by the succeeding sediments. 

Anthracite has been formed only in the vicinity of dikes 
or masses of eruptive rocks. The intense heating of the coal 
where it has come in contact with the molten mass of in- 
trusive rock has in several instances caused nearly all the 
volatile matter to be dissipated and only the ash and fixed 
carbon remain. The anthracite areas occur usually high in 
the mountains where the volcanic action has been severe. 
The coal measures have been broken across by numerous 
dikes, and sheets of lava have been forced in between the beds 
for long distances. 

It is possible for coal to pass through all the stages from 
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lignite to anthracite without undergoing any great disturb- 
ance of the strata, providing the superincumbent mass of 
rock is sufficiently great and the time during which the 
pressure has been acting is long enough. The bituminous 
coal veins of the states of the middle west still remain 
nearly all in their original horizontal position. They are of 
Carboniferous age and the very long period during which 
they have been subjected to the pressure of the rocks lying 
upon them has gradually driven off the volatile matter to 
such an extent as to render the coal bituminous. The coal 
of Washington is very much younger and normally would 
still be in the lignite stage, but some of it has taken what 
may be called a short cut to the bituminous class. This 
result has been brought about by a sharp folding of the 
rocks and the intrusion of dikes into the strata. Thus the 
same result has been arrived at in a fraction of the time re- 
quired for the eastern bituminous coal fields but it has been 
accomplished only at the cost of destroying to a large extent 
the regularity of the strata. It has improved the quality of 
the coal so far as an increase in the percentage of fixed 
carbon is concerned, but it has usually increased the per- 
centage of ash and in a number of cases rendered the veins 
so dirty as to destroy entirely their commercial value. 

The introduction of washeries in recent years has served 
greatly to increase the supply of marketable coal. Only the 
finer coal is washed but in most of the mities this forms a 
large percentage of the whole. All of the larger mines except 
Roslyn and Black Diamond have washeries in operation 
whose capacity is from three hundred to fifteen hundred tons 
per day. 

GOBUPOSITION AND HEATING POWER OF THE COAL. 

The volatile combustible constituents of coal are composed 
of members of the hydrocarbon group of compounds. They 
differ from the so-called fixed carbon by reason of the greater 
ease with which they volatilize under moderate heat. When 
coal high in volatile matter is thrown into the furnace great 
volumes of dense black or brown smoke immediately pour 
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forth. This is an indication of imperfect combustion and 
consequently great loss of heat-producing power. The dark 
color of the smoke is due to finely disseminated particles of 
carbon of which it is composed. The ordinary t3rpe of fur- 
nace does not give sufficient ventilation to oxidize the vola- 
tile hydrocarbon and it requires some type of so-called smoke 
consumer to utilize all the heat producing qualities of these 
coals. The great value of anthracite lies in the fact that 
it contains only a small percentage of volatile constituents 
and practically all its heating qualities can be utilized. 

The exact chemical combination in which the various ele- 
ments in the coal are held together is not definitely kaown 
so that when we speak of fixed carbon the term must be un- 
derstood only in a relative sense. The percentage of fixed 
carbon is lowest in lignite and highest in anthracite and the 
heating power of the different varieties of coal is in a 
general way in direct ratio to the amount of fixed carbon. 

None of the Washington coal carries a very high percent- 
age of sulphur and in most of it the amount is very low. 
While sulphur oxidizes under heat and produces consider- 
able heat a certain amount of it reacts with the other con- 
stituents of the coal to form sulphuric acid which attacks 
the iron of the grate bars and boiler tubes. Where coal 
is used for coke making the presence of sulphur detracts from 
the value of the coke, especially for foundry use. Nearly 
all of the coke made in the state is for foundry and smelter 
use. In that which is used in smelters the amount of sulphur 
in the coke is of no consequence but for foundry use if the 
coke contain more than a very small percentage of sulphur 
the iron is injured thereby. 

The moisture in Washington coal varies from less than 
one per cent up to nearly twenty per cent. It is smallest in 
the soft bituminous coking coals and greatest in the brown 
lignites of Lewis and Cowlitz counties. The moisture is 
not only entirely inert as far as heat producing is concerned 
but works a positive injury, because a considerable amount 
of heat is consumed in vaporizing the moisture before any 
of it is available for heating outside objects. For this reason 
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a coal high in moisture makes a very inferior steam coal and 
finds its greatest use in domestic purposes where the heat 
requirements are not so great. 

So closely is the chemical composition of the coal related 
to the structure of the field that a chemical analysis is a good 
index to the amount of movement which the strata have 
suffered. The greater the degree of disturbance the greater 
the percentage of fixed carbon and the smaller the percentage 
of volatile constituents. 

The Bureau of Naval Equipment at Washington, D. C, 
has made a large number of tests on different coals includ- 
ing some from this state. The Bureau undertakes to furnish 
a free analysis to any one who will forward a sample of at 
least four pounds weight. Evaporative tests are made at the 
New York and Mare Island Navy yards for any one who 
will furnish free of charge a lot of twelve tons. 

The following table shows the result of the analyses made 
on some of the Washington coal : 



Blue Canyon., 

Fairhaven 

Wilkeson 

Franklin (McKay Vein) 

Netrcaslle No. 4 Vein 

Black Diamond 

Fairhaven _ 

Franklin 

Franklin- 



13-590 
3.040 
.310 



3' -479 
33-030 
as- 545 
39- '54 
3^.794 
33.310 
36.566 
aa.165 
33-640 
35360 
33-S50 
34-375 
33-501 



55.400 


1.884 








5-780 


56.084 


4.166 


63.393 


14-885 


51.331 


5-714 


5^■5^^o 


3.B00 


S4-550 


6.850 


30.109 


13.753 


46.668 


15.080 



"The amount of moisture shown in the first column indi- 
cates to some extent the liability of the coal to spontaneous 
combustion since the presence of moisture is necessary to 
the generation of beat." 

"The amount of fixed carbon indicates heat-givtng prop- 
erties. The amount of combustible volatile matter is of value 
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in determining the rapidity of combustion. A coal rich in 
combustible gases usually bums rapidly." 

The following boiler tests made on the U. S. S. Yorktown 
indicate the comparative heating power of some of the Wash- 
ington coals: 



Namx or Coax, 



Comos B. C 

Black Diamond.. 
Black Diamond.. 

Pairhaven 

Bine Canyon...... 

Bine Can3ron...... 



Cosl 

InifUfid per 

hoar 


Bamedper 

H.P. per 

hoar 


Reftve 


Knots per 
ton of coal 


Pouads 


Pounds 


PerocBtacc 




a,a88 


a.70 


34 


IX.3 


^A-fi 


3.51 


14 


9.6 


a, 164 


4^ 


14 


9A 


a>575 


3^ 


90 


9A 


3,599 


a.53 


x6 


xo.a 


a.336 


a.so 


27 


9.3 



H. P. 



845 
706 

486 

7S6 
X025 

934 



The following tests of coal from various mines made at 
the Mare Island Navy yard will serve as a basis of com- 
parison between the Washington coals and those from other 
sources : 



Namx of Coal 



Albion Cardiff (Wales).. 

Comox B. C... 

Wellington B. C 

Castle Gate (Utah) 

Franklin 

Nanaimo B. C... 

Roslyn 

Newcastle 

Pairhaven 

Roslyn 



Coal ooa- 




Bqnivalettt 




•ttmcd per 


Water 






hour per 


erapormted 


tioosftoin 


Refttse 


■q. ft. of 


per poond 


and St aia* 




grmte sur- 


of coal 


per lb. of 




face 




coal 




Pounds 


Pounds 




Percent. 


10.00 


9.07 


10.69 


10.00 


12.77 


7.689 


9.027 


14.70 


13.48 


7.146 


8.389 


XI.87 


12.296 


6.934 


8.123 


12.049 


14.33 


6.78 


7.94 


1333 


14.35 


6.5077 


7.6315 


15.45 


14.24 


6.243 


7.315 


16.20 


15.14 


5.965 


6.996 


10.50 


II. 178 


6.853 


8.05 


19.95 


13.387 


6.827 


7.09 


11.66 



Steaming tests have been made by vessels of the United 
States navy on the coal from a number of Washington mines 
with results as follows : On the U. S. S. Mohican the follow- 
ing coals were tested: 

Coal from Franklin (McKay vein) was tested and found 
to be free burning coal, the fires requiring very little work- 
ing, firing lightly every twelve or fifteen minutes. The fires 
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required cleaning once in eight hours. There is a very little 
clinker of a brittle character and does not adhere to the 
grate bars. When fresh coal is thrown on the fires there 
is a dense smoke of a grayish black color. The tubes did 
not require sweeping during the run in either the low speed 
or the high speed tests. There was very little soot to sweep 
out at the end of the test. 

Roslyn. The coal from the Roslyn mine received aboard 
the Mohican at Tacoma was found to be a free burning coal ; 
the fires required little working, firing lightly about every 
fifteen minutes. The fires required cleaning once in eight 
hours. Only a small quantity of clinker was found, which 
was easily broken, and did not adhere to the grate-bars. 
There is a considerable volume of grayish colored smoke 
when fresh coal is thrown on the fire. Tests were made at 
low and high speed under natural draft. Sweeping of the 
tubes was not found necessary after either of the tests. The 
ashes are of a reddish color. 

Wilkeson. The coal from this mine was in the form of 
very small lump and slack. It ignites quickly. There is a 
little gray smoke at first which ceases as the coal cakes so 
there is hardly any smoke when the fires are not being 
worked. The coal cakes in the furnace and requires con- 
siderable working of the fires. While it ignites readily it 
requires a strong draft. Under a high speed test the coal 
worked well for three hours, when it became necessary to 
clean the grates. The tubes did not require cleaning during 
either of the trial trips. 

Blue Canyon. This is a free-burning coal requiring very 
little work at the fires. There is no clinker and the fires did 
not require cleaning during either of the trial tests. It is 
a good steaming coal and cakes very little in the furnace. 
There is considerable smoke of a gprayish black color when the 
coal is first thrown in the furnace, thinning out after the coal 
is thoroughly ignited. The consignment used in these tests 
was nearly all small lump coal with only a small percentage 
of slack. 



IKS Amnml Jteport Wmglmgtom Qcoiogkml Stairejr 



Fairtiaven. (Cokedale). This coal gave a high percent- 
age of ash of a light cream color. In the furnace the coal 
caked and coked very readily and required a great deal 
of working. After a trial ot four hours a large amount 
of hard brittle clinkers remained, which however did not 
adhere to the grates and were easily removed. During the 
low speed tests no difficulty was found in maintaining suf- 
ficient steam pressure but in the high speed tests steam could 
not be made fast enough to fulfil the requirements. The 
smoke is light gray in color, and thins out when not firing 
until it is almost invisible. 

Navy Mine. This coal is very inflammable and bums 
freely, leaving a small quantity of cream colored ash. It does 
not coke or cake and makes only a small quantity of clinkers 
which do not adhere to the grate bars. The best results 
were obtained by firing lightly at short intervals. In the 
thirty revolution test it was frequently necessary to check the 
draft in order to reduce the steam pressure. In the lorty 
revolution test the fires were clinkered, and tn tiie fifty revolu- 
tion test the fires wtrc kept in good condition only by run- 
ning the bar through the fires to shake them clear of ashes to 
admit air for combustion. It was not necessary to sweep the 
tubes during the tests. The smoke was of a dark gray color 
when first firing, thinning out in volume and becoming 
lighter in color when combustion was going on. During the 
intervals that the fires were not worked no smoke at all was 
visible. 

Black Diamond. Scarcely any injurious results were ob- 
served from' the use of this coal. It showed a remarkably 
low percentage of ash, and did not cake or coke in the 
furnace. This coal ignites immediately upon being fired and 
is consumed with great rapidity, giving forth an intense heat 
but soon burning out. The coal made no body in the fire and 
on this account considerable care was necessary in cleaning 
and shaking fires. It was rapidly broken into small fragments 
as soon as brought into contact with the fires and some loss 
was incurred from the dropping of unbumt fuel through the 
grate bars. A light thin clinker was formed which did not 
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adhere to the grate bars and was easily removed, but in any 
long distance steaming the removal of the clinker would 
practically mean the removal of almost all the fire in the 
furnace. Steam was maintained with ease at the thirty revo- 
lution test, in fact it became necessary frequently to retard 
the combustion. At forty revolutions the coal burned up 
rapidly in keeping up the required steam pressure. At fifty 
revolutions with six boilers difficulty was experienced in 
keeping the steam pressure to the required point as the coal 
burned up almost as fast as it was fired. At thirty revolu- 
tions no cleaning of the grates was necessary ; at forty revolu- 
tions the fires were cleaned of clinkers after eight hours, and 
at fifty revolutions it was necessary to clinker the fires after 
three hours. The smoke was of a grayish brown color rather 
dense at first and rapidly thinning out during combustion. 
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CHAPTER IV. 
EXTENT OF GOAL INDUSTRY. 



PRODUCTION OF COAL AND COKE. 

The total output of the various mines of the state for the 
year 1902, as given by the State Mine Inspector, Mr. C. F. 
Owen, is given in the table below. In this table the output 
of a few mines where only a small number of men are em- 
ployed is not given. The combined product of these mines 
amounts to only a few hundred tons per year. 



NaMB of COBfPAKT 


I«OCATZOZf OF MntB 


Output of 

Coal 
(short tons) 


Output of 

Coke 
(short tons) 


Northwestern Imp. Co 


Roslyn - 

Black Diamond-... 
Clealum 


1.035,870 
258.996 
a",584 
169,733 
140,841 
117,184 
107,750 
106,896 
104.071 

7a.a38 
71,426 

65,107 

52.735 

32,1x7 
32.003 

29.640 

24,000 

19.0x7 

10.044 

8,600 

6,70a 

6.010 

3.225 




Black Diamond Coal Mining Co. 
Northwestern Imp. Co 






Carbon Hill Coal Co 


Carbonado .......... 




Pacific Coast Co- 


Newcastle 




Issaqnah Coal Co..*.».... ...... ...... 


Issaanah 




Pacific Coast Co 


Lawson 




Wilkeson Coal and 0>ke Co..... 


Wilkeson- 


22,800 


Seattle Electric Co 


Renton- 




Pacific Coast Co 


Franklin No. 7....- 
Ravensdale 




The S. & S. Ry. & Nav. Co 

Pacific Coast Co 




Franklin No. i-.., 

Franklin Gem 

Fairfax 




Pacific Coast Co 




Western American Co- 


17.168 


South Prairie Coal Co- 


Burnett 


Gale Creek Coal Co- 


Wilkeson- 




Northwestern Imp. Co 


Mehpont- 




Skagit Coal & Coke Co 


Cokcdale 


601 


Denny Clay Co.- 


iCttfWtW^f •••..•.■...... 




Pred Nolte Co 


Cumberland 




Wash. Co-op, Minins Co 


Montezuma 




Blue Canyon Coal Co 


Blue Canyon 




P. Gibbons.- 


Palmer- 










Totals- 


2,690,789 


40,569 
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Coal Output by Counties, 1902. 

Klttltms U62.464 

King 1.012^17 

Pierce 401,091 

Skagit 19,017 

Whmtoom 6j01O 



Statistics Concerning Coke Production Since 1884. 



Tears 


BiUb- 
lUh- 


Nnmber 
ofOvenain 


Coal need 
(ahorttons) 


Coke pro- 
duocd 


Total Tslne 
of coke at 


Valne of 
coke at 


YIeklof 
coal iB coke 




mentt 


operatioii 


(ihort tons) 


orens 


per ton 


percent 


1884 


I 





700 


400 


$ 1,900 


$ 4.75 


57.5 


1885 


I 


2 


544 


3" 


1.477 


4.75 


57 


1886 


I 


II 


1,400 


825 


4,125 


5.00 


58.9 


1887 


I 


30 


22,500 


14,625 


102,375 


7.00 


65 


1888 


3 

I 


30 
30 












1889 


6,983 


3»84i 


30,728 


8.00 


55 


1890 


2 


S 


9,120 


5,837 


46,696 


8.00 


64 


1891 


2 


10,000 


6,000 


42,000 


7.00 


60 


1892 




84 


12.372 


7,177 


50.446 


7.03 


58 


1893 




84 


11,374 


6.731 


34,207 


5.08 


59 


1894 




84 


8,563 


5,245 


18.249 


3.48 


61.2 


1895 




IIO 


22,973 


15,129 


64,632 


4.27 


65.9 


1896 




120 


38,685 


25,949 


104,894 


4.04 


67 


1897 




120 


39,124 


26.189 


"5,754 


4.42 


67 


1898 


2 


90 


48,559 


30,197 


128,933 


4.27 


62.2 


1899 


2 


90 


50,813 


30.372 


151,216 


4.98 


59.8 


1900 


3 


90 


57,756 


35.921 


178,012 


4.90 


65 


1901 


3 


150 




49.197 


245,985 


5.00 




1902 


3 






40,569 


202,845 


5.00 
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Statistics Concerning Coal Production Since 1870. 


Tbar 


ToUl Product 
(short tons) 


Total Value 


Average 

ton 
atthcmiae 


Average 

number of 

days active 


Total num- 

brr of 
employes 


1870 


17.844 
20,000 

23,000 

26,000 

30.352 
99.568 
110,342 
120,896 
131,660 
142,666 

144.315 
167.554 
177.340 
244.990 
166,936 
380,250 

423.525 
772,601 

I.215.750 
1.030.578 
1,263,689 

X, 056,249 

1,213,427 
1,264,877 

I,xo6,470 
1,191,410 

1. 195.504 
i.434,"2 
1.884,571 

2,02Q,88l 

2,418,034 
2,466,150 
2,690,789 


t 


t 






1871 


^. ••••*• •••«......•.«* 


•'••••• •••••• 






1872 










1873 

1874 


















187s 










1876 










1877 










1878 










1879 
1880 
I88I 










389.046 


2.70 


•••••••«•••••• 


168 


1882 


- 








1883 










1884 










1885 










1886 


952.931 
1.699,746 

3.647.250 

2.393.238 
3,426,590 

2.437.270 

2.763,547 
2,920,876 

2,578,441 
2.577.958 
2,396,078 

2,777.667 

3.352,798 

3.603.989 
4,425002 

4,586,327 
5,300,854 


2.25 
2.19 
3.00 
2.32 
2.71 

2.28 
2.31 

2.33 
2.16 

2.00 

1.78 
x.78 
1.83 
x.83 

x.97 






1887 

x888 


••«•••«••••••• 


1571 


X889 
X890 
1891 
1892 

X893 
1894 

1895 
1896 

1897 
1898 
X899 
1902 
1901 
1902 


270 
2IX 

247 
241 

207 

224 
22X 
236 
270 

'^ 

273 
266 


2657 
2006 

2447 

2564 

2757 
2662 

2840 

2622 

2739 
3145 
3330 
4338 
4^ 

4342 
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MARKET& 

San Francisco has always been the most important mar- 
ket for Washington coal outside of the state. The first regu- 
lar shipments to San Francisco were made from the old 
Bellingham Bay mine in Whatcom county. In the year i860 
the shipments amounted to 5,490 tons. For the years 1869, 
1871, 1873, 21"^ 1876 the San Francisco shipments exceeded 
20,000 tons. The total amount for the nineteen years in 
which the mine was in operation was 233,043 tons. 

Shipments from Seattle to San Francisco began in 1871 
when 4,918 tons were shipped. In 1880 the shipments in- 
creased to 123,741 tons, in 1890 to 216,760 tons, and in 1899 
to 349,813 tons. The mines tributary to Seattle and whose 
outputs are included in these figures are those of Renton, 
Newcastle, Issaquah, Cedar Mountain, Black Diamond, and 
Franklin. A considerable amount of Roslyn coal is also in- 
cluded. 

The mines of the Carbonado-Wilkeson field are tributary 
to Tacoma and ship their product from that port. Shipments 
of coal from Tacoma to San Francisco began in 1879 i" 
which year a few hundred tons were shipped. By 1890 the 
shipments had increased to 191,109 tons and in 1899 to 355,756 
tons. 

The coal receipts and shipments at Seattle for the years 
1896-1901, inclusive, are shown by the following figures col- 
lected by Mr. Lovett M. Wood of the Seattle Trade Register: 

Reeeipts SMpoients 

Y«ar. (Short Toiisi.) (Bbort Tom.) 

1896 426,103 lfi4,7|71 

18»7 472,811 287,888 

1898 662,842 376.842 

1899 806,029 485^24 

1900 909,822 478,662 

1901 991.788 482^679 

According to the above table the increase of coal receipts 
from year to year is much greater than the increase of ship- 
ments. Thus the increase in receipts for 1901 over 1900 was 
82466 tons as against an increase in shipments of 4,117 tons. 
The difference between the increase in receipts and the in- 
crease in shipments is due to the growth in population and 
18 
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rapid development of manufactures in Seattle. In the year 
1900 Seattle consumed 430,760 tons and in 1901, 509,109 tons, 
an increase in consumption in one year of 78,349 tons. 

The receipts at Tacoma for 1901 were 680,980 short tons, 
made up of shipments from Roslyn and the various mines of 
Pierce county. The total output of the Carbonado mine has 
heretofore been shipped to San Francisco by way of Tacoma 
for the use of the Southern Pacific Railway, but since the 
partial substitution of oil for fuel in their locomotives these 
shipments have fallen off, and much of the coal from this 
mine is being distributed among the various Sound cities for 
local consumption. 

The great bulk of all the coal shipped from Seattle and 
Tacoma goes to San Francisco, but during the year 1901 a 
number of cargoes were sent to Hawaii as well as to Alaskan 
ports. Washington's chief competitor in the Alaskan coal 
trade is British Columbia. It is not unlikely that before many 
years, with theopening of her well known coal deposjts, Alas- 
ka herself will become an exporter of coal and will enter into 
competition with the Washington mines for the export trade. 

Most of the coal output is consumed within the borders 
of the state and as time goes on and the population of the state 
increases the proportion of coal consumed will be greater and 
greater. The largest single use to which coal is put is in the 
making of steam in locomotives, steam boats, and stationary 
boilers. Wood is used to a very large extent as a fuel in 
western Washington, but as the most accessible timber is 
being gradually exhausted we may expect to see a gradual 
substitution of coal for wood, especially in the larger towns 
and cities. 

In the timberless region of eastern Washington, coal is 
very largely used for all purposes, even in the rural districts. 
Roslyn coal supplies nearly all of this part of the state. Along 
the lines of the O. R. and N. Company Roslyn coal is brought 
into competition with that from Rock Springs, Wyoming, and 
in the north eastern part of the state with British Columbia 
and Montana coal. In the city of Spokane 80 per cent of the 
coal used is from Roslyn. 
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The following table* shows the disposition of the coal 
output for 1900. It does not include the amount used at the 
mines for steam purposes. 

Disposition of the coal output of Washingfton in 1900 : 

Tons of 
2,000 Iba. 
Consumed by railro«dB in Washinflrton, Idaho, 

Oregon, and Montana 611.728 

Exported to California 788,481 

Bixported to Hawaiian iBlands 70,894 

Exported to Alaska 18,486 

Confiumed by steamers in foreign trade (plying 

between Paget Sound ports and the Orient) 43,462 

Consumed by steamers in domestic trade 218,114 

Consumed by United States yessels (naval yea- 

sels, revenue cutters and army transports). 42,716 

Manufactured into coke 67,010 

Consumed in Washington, Idaho and Oregon for 

domestic and steam purposes 677,204 

Total output 2,418,084 
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